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ABSTRACT 

We describe a pilot survey conducted with the Mopra 22-m radio telescope in preparation for the 
Millimeter Astronomy Legacy Team Survey at 90 GHz (MALT90). We identified 182 candidate dense 
molecular clumps using six different selection criteria and mapped each source simultaneously in 16 
different lines near 90 GHz. We present a summary of the data and describe how the results of the 
pilot survey shaped the design of the larger MALT90 survey. We motivate our selection of target 
sources for the main survey based on the pilot detection rates and demonstrate the value of mapping 
in multiple lines simultaneously at high spectral resolution. 

Subject headings: ISM: molecules — stars: massive — stars: formation — surveys 
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1. INTRODUCTION 

The goal of the Millimeter Astronomy Legacy Team 
Survey at 90 GHz (MALT90) is to characterize the physi- 
cal and chemical conditions of dense molecular clumps as- 
sociated with high-mass star formation over a wide range 
of evolutionary states. MALT90 will do this by taking 
advantage of the newly upgraded Mopra Spectrometer 
(MOPS3) and the fast mapping capability of the Mopra 
22-m radio telescopfl The survey will obtain molecu- 
lar line maps of 3000 candidate dense molecular clumps. 
The clumps will be selected so as to cover a broad range 
of evolutionary states, from pre-stellar clumps to accret- 
ing high-mass protostars and on to H II regions. The 
survey will be conducted at 90 GHz because this fre- 
quency regime contains numerous molecular lines which 
have typical critical densities for collisional excitation of 
> 10 5 cm -3 and are therefore excellent tracers of dense 
gas. Such data will allow us to study the Galactic dis- 
tribution of these clumps, their physical properties, and 
their chemical variation and evolution; this basic infor- 
mation is necessary to constrain theories of high-mass 
star formation. In addition, MALT90 will provide a valu- 
able database of dense molecular clumps associated with 
high-mass star formation for future ALMA observations. 
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MALT90 will map roughly 3,000 dense molecular 
clumps, providing an order of magnitude more sources 
than previous comparab l e surveys (e.g.. iShirlev et al 



than previous comparab l e surveys (e.g.. Ibmrlev et al 
2003; iPirogov et aTT[200l iGibson et alj l2009t iWu eta! 



20101 ). A large number of sources will allow us to divide 
the sample into sub-samples (based on mass, evolution- 
ary phase, etc.) yet retain a sufficient number of sources 
in each sub-sample for statistical analysis. Because dense 
molecular gas occupies only a small solid angle of the 
Galactic plane and molecular emission at 90 GHz is rel- 
atively faint, a blind fully-sampled 90 GHz survey of a 
significant portion of the Galactic plane is impractical. 
Instead, we must choose targets based on other methods 
for identifying dense molecular clumps. The main pur- 
pose of the MALT90 pilot survey described herein is to 
choose the best method for identifying dense molecular 
clumps, with the twin aims of having a high percentage 
of detections within our sensitivity limits and covering a 
broad range of evolutionary states. 

Throughout this paper, we will use the term "dense 
molecular clump" to refer to our sources. The 
ch oice of "clump " follo ws t he naming system used 
by IWilliams et all ([27)00h and IBergin fc Tafallal (pOOl 
which distinguishes between molecular clouds, clumps, 
and cores. In this scheme, clumps are coherent regions 
in position-velocity space with typical masses of 50-500 
Mq, typical sizes of 0.3-3 pc and typical mean densities 
of 10 3 -10 4 cm -3 which may contain additional substruc- 
tures called cores which give rise to individual stars or 
stellar systems. Our goal in MALT90 is to identify and 
map the clumps that give rise to a cluster of stars con- 
taining one or more high-mass stars. 

This paper will focus predominantly on the technical 
validation of the survey and explain the design choices 
motivated by the pilot survey. Data from the pilot sur- 
vey will be combined with the full MALT90 survey data 
(where the diverse selection criteria in the pilot survey 
are not detrimental to statistical analysis) for the spe- 
cific scientific projects in MALT90. These analyses will 
appear in future papers. 

1 MOPS was funded in part through a grant instigated by the 
University of New South Wales (UNSW) under the Australian Rc- 
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Figure 1. A proposed evolutionary sequence for high-mass star 
formation, running from pre-stellar clumps [left], to clumps with 
embedded accreting protostars [middle], to H II regions [right]. 
These three-color images show IRAC band 1 (3.6 fim) as blue, 
IRAC band 4 (8.0 )im) as green, and MIPS 24 /im as red. These 
categories correspond to different Spitzer emission morphologies 
and motivated the three different catalogs based on GLIMPSE and 
MIPSGAL data. Specifically, clumps which are dark at GLIMPSE 
wavelengths (3.6 - 8 /im) are identified as pre-stellar, clumps with 
a MIPSGAL 24 fim point source are identified as protostellar, and 
clumps with extended 8 fim flux are identified as H II regions. 

2. TARGET SELECTION 

We used six different input catalogues for selecting 
sources; three were lists that we produced for our pi- 
lot survey and three were based on pre-existing catalogs. 
From these lists we chose 20 - 40 sources near integer 
Galactic longitudes covering the range of longitudes ac- 
cessible from Mopra. This assured a random selection of 
sources from the three pre-compiled lists and allowed us 
to focus on a limited portion of the sky when developing 
our own lists, while still covering a broad range of Galac- 
tic longitudes. The six selection criteria are summarized 
in Tabled! 

The first three lists were produced for our pilot survey. 
For these lists we chose sources based on the mid-infared 
morphology of candidate dense molecular clumps as re- 
vealed by two Spitzer Space Telescope Legacy surveys: 
the Galactic Legacy Infrared Mid-Plane Su rvey Extraor- 
dinaire (GLIMPSE; iBeniamin et all 120031) and the 24 
and 70 Micron Su rvey of the Inner Galactic Disk with 
MIPS (MIPSGAL: iCarev et al.l l2009). GLIMPSE covers 
the Galactic plan e in the Infrared Array Camera (IRAC; 
iFazio et al.ll2004D bands from 3.6 to 8.0 /im, while MIPS- 
GAL covers much the same area at 24 and 70 /im using 
the Multiband In frared Photometer for Spitzer (MIPS; 
IRieke et alJl200l . 

We examined the GLIMPSE and MIPSGAL mosaics 
using three criteria designed to select sources in distinct 
evolutionary states as shown in Figu re [T] A preliminary 
version of the lPeretto fc Fullerl (|2009D catalog of Infrared 
Dark Clouds (IRDCs) was used to identify 8 /im extinc- 
tion features near integer Galactic longitudes. This cat- 
alog was then trimmed to remove any sources which con- 
tained a 24 /im point source (since this is most likely a 
protostar). We refer to this the GLIMPSE-Dark cata- 
log, and these sources should correspond to the earliest 
phase of high-mass star formation. We then examined 
the Spitzer mosaics near integer Galactic longitudes by 
hand to choose candidate dense molecular clumps con- 
taining either 24 /im point sources or bright extended 
8 /im emission. If a clump of 8 /im dark extinction was co- 
search Council Grants scheme for Linkage, Infrastructure, Equip- 
ment and Facilities (LIEF), and in part by CSIRO Astronomy and 
Space Science. 

2 The Mopra radio telescope is part of the Australia Telescope 
National Facility which is funded by the Commonwealth of Aus- 
tralia for operation as a National Facility managed by CSIRO. 



incident with a 24 /im point source, we assigned it to the 
MIPSGAL catalog and classified this candidate clump 
as protostellar. In the case of bright extended emission 
at 8 /im we assigned the source to the GLIMPSE-Bright 
catalog and classified it as an H II region. 

The correspondence between the appearance of a 
source in the Spitzer surveys and its evolutionary state 
is clearly imperfect. The projection of unrelated objects 
along a given line of sight, inhomogeneities in the diffuse 
8 /im emission, and sensitivity limits (e.g., our ability 
to detect 24 fim point sources will depend on intrinsic 
luminosity and distance) are three possible sources of 
misidentification. However, this system provides a quick 
and uniform way to make an initial assessment of a can- 
didate dense molecular clump's evolutionary state. 

The other three lists in our pilot survey were produced 
using pre-existing catalogs. The first came f rom the H2O 
South ern Galactic Plane Survey (HOPS; Wals h et al.1 
2008) which used Mopra at 1.2 cm to map the Galac- 
tic plane from -70° < I < 30° in NH 3 and H 2 0. Be- 
cause the HOPS NH3 (1,1) and (2,2) lines have a sim- 
ilar critical density (n ~ 10 4 cm -3 ) as the MALT90 
90 GHz lines (n ~ 10 5 cm -3 ), bright NH3 sources in 
HOPS are likely to be detected by Mopra in the 90 
GHz lines. The last two catalogs came from mm/submm 
continuum surveys which reveal the location of regions 
with high dust column density, typically corre s pond ing to 
dense molecular clumps. The IBeltran et al.1 (|2006l ) sur- 
vey at 1.2 mm made maps around Infrared Astronomical 
Satellite (IRAS) point sources using the Swedish-ESO 
SubMillimeter Telescope (SEST) and the SEST Imaging 
Bolom eter Array (SIMBA). Because the IBeltran et al.l 
(2006) maps were made toward IRAS point sources, these 
sources are likely to contain a protostar or H II region, 
which gives rise to the IRAS emission; we shall refer to 
this catalog as the IRAS catalog for convenience. Fi- 
nally, the APEX (Atacama Pathfinder Experiment) Tele- 
scope Large Area S urvey of the Galaxy (ATLASGAL; 
ISchuller et all [2001) is a survey of the Galactic plane 
(± 60° in longitude over ± 1.5° in latitude and -80°< 
1 < -60° with -2°< b < 1°) at 870 /j,m. From a pre- 
liminary compact source catalog we chose ATLASGAL 
sources with peak fluxes above 2 Jy/beam closest to in- 
teger Galactic longitudes. 

In two cases (G336. 994-00.019 and 
G339. 968— 00.529), a candidate dense molecular 
clump was chosen independently from two different 
catalogs. We consider these sources to belong to both 
catalogs when considering detection statistics. 

In summary, we have combined six separate lists, 
four of which we expected to select particular evolu- 
tionary state s (the Spitzer- identified sources and the 
IBeltran et al.l (|2006[ ) catalog of IRAS sources) , and two 
of which (ATLASGAL and HOPS) we expected to be 
less biased with respect to evolutionary status. For both 
ATLASGAL and HOPS, the most luminous sources will 
tend to be the hottest, more evolved sources. To select 
a broad range of evolutionary states from these surveys 
it is necessary to include some additional information as 
we discuss in § 15.21 

3. DATA 

We carried out observations for the MALT90 pilot sur- 
vey in the austral winter of 2009 from June 15-24. The 
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Table 1 

MALT90 Pilot Survey Input Catalogs 



Data 



Criterion 



Object Identified 



Shorthand 



GLIMPSE 3.6 to 8 Aim 
GLIMPSE 8 fim 
MIPSGAL 24 fim 
HOPS a 1.2 cm 
IRAS + 1.2 mm emission 13 
ATLASGAL C 870 /urn 



Dark Extinction 
Extended Emission 
Point Source 
Compact NH3 Source 
IRAS + mm Continuum 
Compact Continuum 



Pre-stellar (IRDC) Clump 
H II Region 
Accreting Protostar 
Dense Clump 

Star-forming Dense Clump 
Dense Clump 



GLIMPSE-Dark 

GLIMPSE-Bright 

MIPSGAL 

HOPS 

IRAS 

ATLASGAL 



a IWalsh et all {2008) 
b IBeltran et alJ (2006) 
c ISchiiller et alj pSuafl 

On-The-Fly (OTF) mapping mode of Mopra was used. 
Maps were made with the beam center running on a 3'. 4 x 
3'. 4 grid. At typical distances to high-mass star-forming 
regions (several kpc) this map size is sufficient to cover 
the expected spatial extent of a few parsecs for our dense 
molecular clumps. The scan rate was 3.92" per second. 
The map is made with 12" spacing between the rows, 
giving 17 rows per map. Since the Mopra beam at 90 
GHz is 36", this row spacing provides redundancy in 
the map. OFF positions were chosen at ± 1 degree in 
Galactic latitude away from the plane (positive offset for 
sources at positive Galactic latitude and vice- versa), and 
though the OFF positions were not explicitly checked for 
line emission, no map showed evidence of contamination 
from signal in the OFF. A single OFF position was ob- 
served for every two scan rows. In general, maps were 
made scanning in strips of constant Galactic longitude, 
although for two sources maps were also taken by scan- 
ning in strips of constant Galactic latitude. 

Pointing on SiO masers was performed every 1-1.5 
hour, maintaining pointing precision to better than 
about 10". Typical system temperatures (T sys ) were 
150 - 250 K and were measured by paddle scans every 
15 minutes. Weather conditions were variable. Sources 
observed under poor system temperatures (T S ys > 500 
K) or rapidly varying conditions were re-observed under 
more clement conditions. For each source, only the map 
taken with the lowest T sys is presented here. 

The full 8 GHz bandwidth of MOPS was split into 16 
zoom bands of 138 MHz each providing a velocity res- 
olution of ~ 0.11 km s~ x in each band, easily sufficient 
to resolve line emission in a high-mass star-forming re- 
gion. The central frequencies are shown in Tabled along 
with the line targeted at that frequency and what infor- 
mation that line primarily provides. The strongest lines 
were N 2 H+(l-0), HNC(l-O), HCO+(1-0), and HCN(l-O). 
These lines are all good tracers of dense gas, but provide 
slightly different information. N 2 H + is more resistant 
to freeze-out on gra ins than the carbon-bearing species 
(jBergin et al.1 120011). HNC is particularly prevalent in 
cold gas (|Hirota et alJ fl998). HC O+ often shows infall 
signatures and outflow wings (e.g. JRawlings et al.ll200l 
iFuller et al.ll2005l) . These strong lines can all be optically 
thick. Two isotopologues, H 13 CO+ (1-0) and H 13 CN (1- 
0) were also observed and provide optical depth and line 
profile information. 13 CS (2-1) is another optically thin 
column density tracer by virtue of its low abundance. We 
also include 13 C 34 S (2-1) but this molecule is too rare to 
be detected. 



A number of lines were chosen as tracers of hot core 
chemistry: CH 3 CN [J K = 5 X - 4 X ), HC 3 N ( J = 10 - 9), 
HC 13 CCN (J = 10 - 9,F = 9 - 8), HNC O (J K ...Ku = 
4n. 4 - 3 , 3 ), HNCO (J Ka ,K b = 4i, 3 - 3 X , 2 ) (IBrown et alJ 
1988). These carbon-bearing species are typically only 
seen in the hot cores around high-mass protostars once 
molecules have been liberated off dust grains by radia- 
tion or shocks. Three more lines trace particular envi- 
ron ments: the recombi nation line H41a traces ionized 
gas (jShukla et all 120041 ): SiO (2-1) is seen when SiO is 
formed from shocke d dust grains, typically in outflows 
(jSchilke et alJ I1997D: C9H is produced in photodiss ocia- 
tion regions (e.g- lLo et all 120091 : iGerin et al.ll2011f ). the 
N = 1 - 0, J = 3/2 - 1/2, F = 2-1 transition is 
the strongest of several C 2 H lines in this spectral win- 
dow. Henceforth we will refer to these line transitions by 
the molecule name where this usage is unambiguous (i.e. 
HCO+ instead of HCO+(1-0)). 

The maps were reduced using the Livedata and 
Gridzilla package^. Livedata performs bandpass 
calibration using reference OFF scans and fits a 2nd or- 
der polynomial to the baseline. Gridzilla uses this out- 
put to construct a uniformly gridded cube. Both polar- 
izations were averaged together. A top-hat smoothing 
kernel with radius of 30" was used to determine which 
spectra contribute signal to a pixel in the output map, 
and spectra were weighted by the system temperature. 
This choice of parameters produces an effective beam 
size of FWHM = 72". The final cube is over-sampled in 
spatial frequency (9" pixels) and is 4'. 6 x 4'. 6 with the 
edges having significantly lower coverage, i.e. integration 
time. The data are presented on the antenna tempera- 
ture scale (T^). The beam efficiency of Mopra is between 
0.49 at 86 GHz and 0.42 at 115 GHz (jLadd et alJ 120051) 
for converting T^ into main-beam brightness tempera- 
ture (T m f,). All the data are publicly available from the 
MALT90 websiteEJ 

4. ANALYSIS 

The MALT90 pilot survey data were used to test some 
of the analysis tools in development for the full survey. 
Three different methods were used to assess detection 
statistics: (1) "by-hand" examinati on, (2) automated 
Gaussian fitting based on the HOPS ([Walsh et al.ll2008f ) 
pipeline and (3) moment maps. Although Gaussian fit- 
ting is critical for certain measurements (particularly for 
lines with hyperfine component), moment maps are a fast 

10 https:/ /www. atnf.csiro.au/people/mcalabre/livedata. html 

11 http://malt90.bu.edu 
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Table 2 

MALT90 Pilot Survey Lines 



IF 


Species 


Transition 


u (GHz) 


Primary Information Provided 


1 


N 2 H+ 


J = 1 — 


93.173772 


High column density, depiction resistant, optical depth 


2 


13 CS 


J = 2 - 1 


92.494303 


High column density 


3 


H 


41a 


92.034475 


Ionized gas 


4 


CH3CN 


Jk = 5i - 4i 


90.979020 


Hot core 


K 




7 — in Q 

J — -LU — y 


Q1 1 QQ7QR 


Hot core 


6 


13 C 34g 


J = 2 — 1 


90.926036 


High colum density 


7 


HNC 


J = 1 — 


90.663572 


High column density, cold gas 


8 


HC 13 CCN 


J = 10-9,F = 9- 8 


90.593059 


Hot core 


9 


HCO+ 


J = 1 — 


89.188526 


High column density, kinematics 


10 


HCN 


J = 1 — 


88.631847 


High column density, optical depth 


11 


HNCO 


JK a ,K b = 4o,4 - 3o,3 


88.239027 


Hot core 


12 


HNCO 


JK a ,K b = 4l,3 - 3l,2 


87.925238 


Hot core 


13 


C 2 H 


N = 1 - 0, J = 3/2 - 1/2, F = 2-1 


87.316925 


Photodissociation region 


14 


SiO 


J = 2-1 


86.847010 


Shock/outflow 


15 


H 13 CO+ 


J = 1-0 


86.754330 


High column density, optical depth 


1(5 


H 13 CN 


J = 1-0 


86.340167 


High column density, optical depth 



Note. — Frequencies listed above are the rest frequencies used in converting to velocity scale (FITS keyword RESTFREQ). 



and relatively robust way to measure basic line proper- 
ties and this study will focus only on properties well- 
measured by moment analysis. The results of the "by- 
hand" examination were used to select the parameters 
used in generating moment maps. 

As a first step to making moment maps, we calculated 
an error map for each spatial pixel by computing the 
standard deviation of the spectra at that position using 
3cr iterative rejection. In this way, we remove strong line 
features from the calculation and derive an estimate of 
the per-channcl noise in the spectrum at each point in 
the map. Our on-the-fly maps have less integration time 
at the edges, so a spatial error map is required in order 
to properly assess features near the noisy edges of the 
map. 

Zeroth (Mo ; integrated intensity) , first (Mi ; central ve- 
locity), and second (M2; line- width) moment maps were 
made according to 



(1) 



M = J I(v) dv 

M2 =\/i/ /( ^- M1 



dv 



(2) 



(3) 



where I(v) is the intensity at a given frequency, v. The 
error on the zeroth moment is simply 

CMp = cry/n (4) 

where a is the per-channel noise in the spectrum as calcu- 
lated for our error map and n is the number of spectral 
channels used. Errors on the first and second moment 
{<JMi and <7m 2 ) are calculated from propagation of un- 
certainty on the formulae for Mi and M 2 above, but are 
omitted for space. 

The main choice in making moment maps lies in iden- 
tifying the region of the cube to use. For the pilot sur- 
vey automatic line detection was hindered by baseline 
ripples (particularly in worse weather) and noisy edges 
on the bandpasses. Improvement to the data processing 



pipeline are expected to mitigate baseline ripples for the 
full MALT90 survey and allow for automatic detection of 
lines, but these were not available for processing the pilot 
data. Therefore we use hand-identified velocities for each 
source to make moment maps in fixed-width windows 
around these velocities. Hand-identified velocities were 
estimated by recording the velocity at the center of each 
line as estimated by eye and averaging the velocities from 
whichever of the four main lines (N2H + , HNC, HCO + , 
HCN) were clearly detected above the noise. Where no 
line could be identified (53 sources) , no moment map was 
made. 

Two different velocity ranges were used for making mo- 
ment maps, a narrow range for detection and a broader 
range for measuring line properties. A narrow velocity 
range (± 2.25 km s -1 ) produced the highest signal to 
noise measurement for weak, narrow lines by limiting the 
spectral region considered to the peak of the line. Typ- 
ical full- width at half-maxima line- widths (A^fwHm) 
for our sources are between 5 and 8 km s" 1 (as mea- 
sured in HNC; see § 15. lj) . so this narrow velocity range 
does not adequately measure line properties. Therefore, 
a broader velocity range (± 8.25 km s _1 ) was also used 
to make moment maps. This range typically covers most 
of the line down to the noise, and thus comes much closer 
to estimating the true moments of the line. In addition, 
it includes the hyperfine components in both the N 2 H + 
and HCN lines, providing a better measure of the inte- 
grated intensity for those lines; the trade-off is higher 
noise. We therefore report detections from the narrow 
velocity integration range (± 2.25 km s _1 ) and report 
moment information from the broader range (± 8.25 km 
s- 1 ). 

Integrated intensity (Mo) maps for each source de- 
tected in any line are presented in Figure Set [2j To fa- 
cilitate inter-comparison, all maps are displayed on the 
same intensity scale, with the lowest contour at 1 K km 
s _1 which is a typical 5a uncertainty in the integrated 
intensity. These moment maps are all made in a fixed 
velocity range around hand-identified central velocities. 
We show the spectra for our four main lines at their 
respective positions of maximum integrated intensity in 
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Figure 2. Example integrated intensity (zeroth moment; Mo) 
map of G263. 620— 00.530. A uniform color-scale is used in all fig- 
ures in this figure-set, starting at 1 K km s" 1 which is a typical 
5c mo contour for our dataset. Maps taken in worse weather have 
higher noise and the edges of the maps have higher noise, so not 
all emission at this level is necessarily significant. We use spatially 
varying noise maps to identify genuinely significant emission for 
the analysis presented in the text. Figure 1 of 134 in this figuresct. 
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Figure 3. Spectra of our four main lines at their respective posi- 
tions of maximum integrated intensity (or in the center of the map 
for non-detections) for G263. 620— 00.530. Vertical [red] lines show 
the central velocity estimated by hand [solid], the small velocity 
range used for detection [dotted line], and larger velocity range 
used for measuring moments [dashed line] . Figure 1 of 182 in this 
figureset. 



Figure Set UJ For sources without any detections Figure 
Set |31 shows the spectra at the center of the map. 

Basic source properties, including our hand- 
determined centroid velocities and the per-channel 
standard deviation at the center of the map (which is 
representative of the fully-sampled portion of the map) 
are summarized in Table [3J In five cases, two distinct 



and widely separated velocity components were seen 
in a source. In these cases, each velocity component 
was used to create moment maps. The stronger line is 
listed first in Table |3j and is the main line used when 
considering detection statistics. We did not consider 
these as separate sources for the detection statistics 
(because we are interested in knowing if a given catalog 
will give us a detection at a given spatial position), but 
did consider them as separate sources (giving us a total 
of 187 sources) when considering the distributions of 
measured moments (because they are likely two separate 
dense molecular clumps at distinct distances as well as 
velocities). 

The positions of maximum integrated intensity within 
each map were found by making a signal-to-noise ratio 
map from Mo and (Tm , setting the poorly-sampled three 
edge pixels to zero, boxcar smoothing by a factor of three 
(i.e. taking the sliding average of three pixels), and iden- 
tifying the maximum value. This process produces a 
potentially different maximum integrated intensity po- 
sition for each line, but this is desirable as several of our 
sources exhibit strong spatial variation in line intensity 
ratios. The parameters of the four main lines (N2H+, 
HNC, HCO + , HCN) at their respective positions of max- 
imum integrated intensity are listed in Table 0] 



5. RESULTS 



5.1. 



Detection Statistics and Line Properties 

The large size of our data set requires that we set a 
high level of significance when searching for features to 
avoid many false positives. With 187 sources, each with 
16 lines and 31x31 pixels in each map we are searching 
for line detections in nearly 3 million spectra. A 5a de- 
tection criteria should produce one false positive per 1.7 
million measurements (for a perfectly normal distribu- 
tion). We consider this to be an acceptably small level 
of contamination, and refer to a 5a detection as a robust 
detection. Additional selection criteria combined with 
a lower detection threshold could be used to search for 
additional weak lines. For instance, to improve the com- 
pleteness of H 13 CO + detections we could adopt a lower a 
threshold while constraining the search to locations with 
significant HCO + flux. 

Our robust detection rates of the four main lines 
(N 2 H+, HNC, HCO+, and HCN ) were high (> 90%) 
for the HOPS, ATLASGAL and IRAS catalogs, and 
lower (< 60%) for sources chosen based on the mor- 
phology of Spitzer emission (see Figure 2]). Detection 
rates were comparable for the HOPS, ATLASGAL and 
IRAS samples, and similar for all four species. Five ad- 
ditional species had robust detections: C2H, 13 CS, SiO, 
H 13 CO + and H 13 CN. These detection rates are presented 
in Figure [5j C2H, in particular, was commonly seen, 
with detection rates between 10 and 90% for the six 
different surveys. Again, the HOPS, ATLASGAL and 
IRAS catalogs produced more robust detections than 
the catalogs based on the morphology of Spitzer emis- 
sion. The low detection rates of the three input cata- 
logs based on Spitzer morphology are likely due to these 
catalogs identifying features which are not truly asso- 
ciated with dense clumps. Fo r instance, 10% to 20% 
of the IRDC candidates in the iPeretto fc Fuller! (|2009f > 
catalog are not detected in the Herschel Hi-GAL survey 
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(jPeretto et alJlMtCh and only 5 8% of the IRDC candi- 
date s in the iSimon et all (|2006T ) catalog are detected in 
CS (| Jackson et all 12008). These non-detections suggest 
that the IRDC catalogs contain sources with a range of 
column densities, including sources with low column den- 
sities that do not have sufficient column density to be 
observed with the sensitivity limits of this survey. Ta- 
ble [5] presents the detections and non-detections of lines 
for all the sources. 

The detection statistics correspond to the brightest in- 
tegrated emission anywhere in the map, not necessarily 
at the center of the map. Each input catalog provides 
a central position of the source, which was used as the 
center of the map. The positions of maximum integrated 
intensity tend to be clustered at the center of our images 
(see Figure |6|) with 50% of maximum integrated inten- 
sity detections for each of the four main lines occurring 
within 40" of the map center. This suggests that the in- 
put catalog positions are good choices for the center of 
the map. 

The observed distributions of the integrated intensities 
and line- widths of the four main species (N2H+, HNC, 
HCO + , and HCN) at the brightest point in each map 
are displayed in Figures [7] and HI Again, the detection 
criteria is Mo > 5<r in the narrow (± 2.25 km s _1 ) in- 
tegration range, but the integrated intensities shown in 
Figures [7] and [8] and reported in Table [4] are based on 
the broader range (± 8.25 km s _1 ); some lines are no 
longer 5<r measurements when using the broader velocity 
integration range. 

The integrated intensities for the four main species at 
their brightest location in each map show broadly simi- 
lar distributions. All are incomplete below 2 K km s _1 
due to our noise and detection level. Two sources have 
extremely bright and broad HCO + lines, with Mo > 20 
K km s _1 , possibly indicating the presence of outflows. 
HNC has relatively fewer lines which are both broad 
and bright. Although integrated intensity is a distance- 
dependent measurement, most sources are detected in 
all four lines at the same velocity (and thus distance) 
or in none of these lines. Therefore the similarity of in- 
tegrated intensity distributions shows that the line lu- 
minosity distributions for these transitions are similar 
for the majority of these sources (see § 15.3.11 for some 
counter-examples) . 

We calculate an effective A^FWHM from the second 
moment (M2) with the formula for a Gaussian profile 
(AVpwjjM = V8 In 2 x M2), despite the fact that many 
lines deviate from a Gaussian profile. AVpwHM are 0I ~ 
ten reported as a proxy for second moment, so we report 
this effective AVp^yjjy to facilitate comparison with 
other studies. We report this quantity only for HNC 
and HCO + . N2H + and HCN are excluded because their 
hyperfine structure prohibits making a line-width mea- 
surement solely from our moment maps. 

We compare the HCO+ and HNC line-width distribu- 
tions in Figure [8] for sources where M 2 /om 2 > 3. We 
break down the HCO + distribution based on whether 
H 13 CO + is detected for a given source. The detection 
of this rare isotope typically indicates an optically thick 
HCO + line (although a non-detection of H 13 CO + is not 
a guarantee that HCO + is optically thin). The distri- 
butions of AVp^yjjy for HCO + and HNC are broadly 




Figure 4. The percentage of robust detections of the four main 
pilot survey lines (N 2 H+, HNC, HCO+, and HCN ) as a function 
of input catalog. A robust detection is a source with maximum 
integrated intensity (Mo) > 5erM , excluding the poorly sampled 
edge 3 pixels (27"). 

similar. We apply a two-sided Kolmogorov-Smirnov (K- 
S) test and find that we cannot reject the hypothesis 
that the HNC and HCO + line- widths are drawn from the 
same population when considering just the HCO + line- 
widths in sources without a H 13 CO + detection (p- value 
= 9%) or all the HCO+ line- widths (p- value = 32%). 

The line-width distributions shows in Figure [5] are 
the line-widths at the positions of maximum integrated 
intensity for each molecular line transition. If we re- 
strict our analysis to sources for which the positions 
of maximum integrated intensity for HCO + and HNC 
are within one 9" pixel (within 13" to include diag- 
onally adjacent pixels) we can compare line-widths at 
roughly the same position. Figure |H] shows the results of 
this comparison for sources where M% / ctm 2 > 3 in both 
lines. For the sources with an H 13 CO + detection (i.e. 
where HCO+ is likely to be optically thick) the HCO+ 
line-width is typically larger than the HNC line-width 
((AV FWHM (HCO+) - AV FWUM (HNC)) = 1.15). 
For the sources without an H 13 CO + detection, the line- 
width ratios arc correlated and centered around unity 
((AV FWEM (HCO+) - AV FWUM (HNC)) = 0.98). 
This suggests that the sources with H 13 CO + detections 
do have optically thick HCO + emission, and that this is 
what produces their larger line-widths. In the pilot sur- 
vey, we have no rare isotopologue of HNC to study where 
HNC might be optically thick, but the main MALT90 
survey will include HN 13 C instead of H 13 CN (HCN, be- 
cause of its hyperfine structure, is less likely to be opti- 
cally thick for similar line intensities). 

5.2. Choice of Input Catalog 

The first goal of the MALT90 pilot survey was to select 
an input catalog for the full MALT90 survey. Of the 6 
catalogs tested, only HOPS, ATLASGAL and IRAS had 
sufficiently high (> 90%) detection rates to be used as 
input catalogs for the main MALT90 survey. There are 
significant scientific and logistical benefits to using a sin- 
gle catalog when selecting sources. The main advantages 
are the ability to use a simple and uniform criteria for 
choosing sources, the ability to compare our observed line 
properties against properties of the input catalog, and 
the ability to describe the significance of non-detections. 
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Figure 5. The percentage of robust detections of the frequently 
detected weaker pilot survey lines (C2H, 13 CS, SiO, H 13 CO + and 
H 13 CN ) as a function of input catalog. A robust detection is a 
source with maximum integrated intensity (Mo ) > 5<tm 1 excluding 
the poorly sampled edge 3 pixels (27"). 




Figure 8. Effective AVpwjjjy[ of the two strong single- 
component lines ([left] HNC and [right] HCO+) where M 2 /ctm 2 > 
3. Light gray bars on the HCO + histogram show points with 
H 13 CO + detections where the HCO" 1 " line is likely optically thick 



and self-absorbed, 
the two lines. 



The distributions of line- widths are similar for 
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Figure 6. Radial offset of maximum integrated intensity for each 
of the four main MALT90 pilot lines (N 2 H+, HNC, HCO+, and 
HCN) from the center of the map. Offsets are relative to the tar- 
geted center of the map, which is determined differently for the 
different input surveys. Pointing error is estimated to be less than 
10". 
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Figure 7. Maximum integrated intensity histograms of the four 
main species. The temperature scale is T^. Detections are incom- 
plete below 2 K km s _1 at the chosen 5cr level. The distributions 
for the four lines are broadly similar. 
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Figure 9. Comparison of the effective A^FWHM of the two 
strong single-component lines ([left] HNC and [right] HCO+) where 
the positions of maximum integrated intensity are within 13" and 
M2/itm 2 > 3. The dashed line is unity. Crosses indicate sources 
with H 13 CO + detections where the HCO+ line is likely optically 
thick and self-absorbed; in these sources the HCO + linewidth tends 
to have larger than the HNC linewidth. For the sources without 
H 13 CO + detections, the linewidths are on average the same for 
both HCO+ and HNC. 



The ATLASGAL catalog provides the optimal source list 
for MALT90. There are three major factors in favor of 
using ATLASGAL: (1) catalog size, (2) a broad range of 
source positions and velocities, and (3) a range of evolu- 
tionary states. 

ATLASGAL provides a much la rger catalog than 
HOPS or the IBeltran et all (|2006t) survey of IRAS 
sources. iSchuller et al.l (|2009l ) report from the initial re- 
sults of the survey about 6000 sources brighter than 0.25 
Jy in 95 deg 2 in the Galactic range -30° < I < +11.5° 
and +15° < I < + 21° with \b\ < 1°. In contrast the 
IBeltran et al.l (12006) surv ey contains 235 sources and 
HOPS (|Walsh et all 120081) is expected to contain a few 
hundred bright NH3 sources. Neither HOPS nor IRAS 
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contains a sufficient number of sources for the science 
goals of MALT90. 

ATLASGAL sources appear to sample many Galac- 
tic structures. Figure [10] shows the Galactic longitude 
and velocity of sources with detec tions (using hand- 
determined veloci ties) plotted o n the lDame et aTl ()2001[ ) 
CO map. The IDame et all (l200l CO map is pre- 
sented as a longitude-velocity diagram integrated over 
—2° < b < 2° and has units of K arcdeg. The positions 
of our sources in this plot all fall within the 0.3 K arcdeg 
CO contour and most cluster in the portions of stronger 
CO emission, as expected for dense, star-forming gas. 
The presence of ATLASGAL sources at many positions 
in the longitude- velocity diagram indicates that this cat- 
alog is detecting sources in a range of Galactic locations. 

ATLASGAL sources cover a range of evolutionary 
states. The initial results of ATLASGAL found two- 
thirds of the sources do not have a mid- or far- 
infrared counterpart in the Midcourse Space Experi- 
ment (MSX) and IRAS catalogs. A closer inspection 
of IRAS/MSX dark sources in more sensitive Spitzer 
GLIMPSE /MIPSGAL images reveals many of them as- 
sociated with weaker infrared sources but still a con- 
siderable fraction of the submillimeter emission appear 
dark in the Spitze r images (e.g., Fig. 13 and 14 of 
iSchuller et al.ll200"9l ) and work on the first compact source 
release catalog demonstrates that ATLASGAL will pro- 
vide enough sources in each evolutionary state as assessed 
by the Spitzer emission morphology scheme shown in 
Figure [TJ 

We thus choose ATLASGAL as the sole input cata- 
log for the MALT90 survey because it meets all our re- 
quirements for a source list. ATLASGAL sources had 
high detection rates in this pilot survey, include a diver- 
sity of evolutionary states, and cover a broad range of 
Galactic positions. Choosing ATLASGAL as the sole in- 
put catalog also provides the benefits of having a single 
uniform catalog when selecting sources. We can choose 
our sources with a single uniform criteria and compare 
our MALT90 measurements against ATLASGAL catalog 
properties such as the flux and extent of 870 /xm emis- 
sion. 

5.3. MALT90 Survey Strategy 

The second goal MALT90 pilot survey was to test the 
observing set up and verify that it allows us to achieve 
our science goals. MALT90 is fundamentally a mapping 
survey; although some science goals (such as determin- 
ing distances to clumps) could be achieved with a sin- 
gle pointing, the majority of our science goals rely on 
maps. Our configuration allows us to map sources in 
multiple lines at high spectral resolution. Maps of multi- 
ple lines allows us to study the chemical variation within 
a clump, which is most useful if clumps are typically 
spatially resolved and at least sometimes exhibit strong 
chemical variation. Mapping at high velocity resolution 
(0.11 km/s) allows us to study spatial variation in line 
profiles which may indicate changes in the strength of 
turbulence, large scale motions (rotation, shear, infall 
or outflow), or multiple velocity components. The pi- 
lot survey allowed us to verify that our on-the-fly maps 
had sufficient sensitivity and that we could make maps 
without significant artifacts. 



5.3.1. Mapping Multiple Dense-gas Tracers to Reveal 
Chemistry 

We see strong chemical variation in the MALT90 pi- 
lot sources which validates our decision to map multi- 
ple lines in these sources. All four of our main lines 
(N 2 H+ HCN HCO+ and HNC) are ground state transi- 
tions of molecules with similar critical densities. As trac- 
ers of dense gas, the emission from these lines typically 
show similar morphologies in MALT90 pilot sources, but 
this is not always the case. Figure [TT] shows two exam- 
ple sources where N2H + varies significantly with respect 
to the other species. Figure [TT] shows one source where 
the maximum N2H 4 " integrated intensity is a factor of 4-8 
times weaker than the other three main lines. Conversely, 
the other source in Figure [TT] has N2H" 1 " emission which 
is twice as strong as that of HCN, HCN or HCO + . Large 
variation in the HCO + /N2H + integrated intensity ratio 
in hig h- mass star- forming regions has been noted befor e 
(e.g.. lTurner k Thaddeud[l977t I Walsh k Burton] [20061) . 
Thus, the combination of mapping in several lines simul- 
taneously gives us the most complete picture of the spa- 
tial distribution of the various molecules, which is crucial 
to studying variations in the chemistry with the MALT90 
sources. 

5.3.2. Mapping Strategy 

Mapping artifacts are seen in many of our maps, typi- 
cally manifesting as stripes in the direction of scans. Our 
sources were generally mapped with scans of constant 
Galactic longitude so that each strip in Galactic longi- 
tude uses the same reference spectrum. Noise or gain 
variations in this reference spectrum can therefore pro- 
duce stripes in the map, and this phenomenon is partic- 
ularly prevalent in sources observed in bad weather. We 
chose to map using scans of constant Galactic longitude 
for the pilot survey because most extended structures in 
the Galactic plane are parallel to the plane. Thus, noise 
stripes are easier to identify, since they typically run 
perpendicular to real features. We mapped two sources 
(G305.887+00.016 and G308.058-00.397) in both Galac- 
tic longitude and latitude to see if this would mitigate 
the striping. Figure [12] shows the two individual maps 
for G308. 058— 00.397 as well as the combination of both 
maps for a signal-free 13 C 34 S cube. The striping visible 
in the scan direction in both individual maps is signif- 
icantly reduced in the combined image. We therefore 
decided to map using scans of both constant Galactic 
longitude and latitude in the full MALT90 survey. 

5.3.3. The Value of High-resolution Velocity Information 

Figure [13] shows the central portion of the maps for 
the source G321.935-00.007 in HNC and HCO+. The 
HCO + line shows self-absorption at the systemic veloc- 
ity (traced by the HNC which shows little or no non- 
gaussianity) . In the lower-right portion of the map, this 
self-absorption shows an asymmetric profile with brighter 
blue-shifted emission. Such a profile is characteristic 
of infall of cold gas toward a hot central source (e.g., 
iMardones et al.lll997l ). This characteristic shape is not 
present in the upper-left of the map, where we see a 
red-shifted profile usually associated with expansion. It 
is possible that infall is happening only in part of this 
source or that other kinematic complexity is present; the 
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Figur e 10. Distr ibution of MALT90 pilot sources in velocity and Galactic longitude, overlaid on the Galactic CO distribution from 
IDame ct al. (2001) integrated over Galactic latitude. The CO contours are at 0.3, 1, 3, and 10 K arcdeg. Different input catalogs are 
labelled as follows: [yellow] = Dark GLIMPSE source, [purple] = Bright GLIMPSE source, [green] = MIPSGAL source, [red] = HOPS 
source, [blue] = IRAS source, [orange] = ALTASGAL source. Sources with no detected line emission (and thus no velocity) are omitted. 
In addition, four IRAS sources with Galactic longitude between -70 and -100 degrees were omitted to display the remaining sources at a 
larger scale. These four omitted sources all also lie within the CO 0.3 K arcdeg emission contour. 





•9 

ij 


: ..U.I H 

2E7.BJ" la/.as" isj.ao' isi\n 


HCN- * -\s 

• 287.84* 287.82* 267.80* 287. 7E 



<km/s 



■14 



□ 







— i t- 

ft 


— -1 1 1 1 



Galactic Longitude jd&rjrc^] 



122.96' 322.94'' 322.92" 322.90* 322.96* 322.94* 322.9Z" 322.90* 
Galactic Longitude I degrees] 



Figure 11. Two examples of strong chemical variation in N2H+. Left: G287. 814-00. 816 shows strong (3 - 9 K km s -1 ) HNC, HCO+, 
and HCN lines, but weak (1.65±0.25 km s" 1 ) N 2 H+. Right: G322.932+01.393 shows a very strong N 2 H+ line (8.93± 0.33 K km s" 1 ), 
but comparatively weak HNC and HCO + (3.5 - 4.5 K km s — 1 ) and a non-detection of HCN(< 1.66 K km s —1 ). 



large variance of this complex line shape over the source 
demonstrates the value of mapping at high velocity res- 
olution. 

5.3.4. Studying Different Stages of Evolution 

The many lines observed in MALT90 provide infor- 
mation about the evolutionary state of the clumps ob- 
served. This information can be combined with Spitzer 
morphological classification and dust temperature deter- 
mination from spectral-energy distribution fitting (e.g., 
iRathborne et alJl2010t iPeretto et al.l I2010T ) to constrain 
the evolutionary state of a clump. As a short example we 
present three sources in different Spitzer morphological 
states and show what information can be gained from 
the molecular lines in each case. 

Figure [14] shows G330. 873— 00.361, a clump drawn 



from the HOPS survey catalog and classified as an H 
II region from the Spitzer GLIMPSE/MIPSGAL images 
due to its strong extended 8 and 24 /im emission. The 
presence of CH 3 CN (Jr- = 5i — 4i) emission identifies 
the hot core associated with a massive protostar since 
this molecule is seen only in warm (T > 100 K) and 
dense (n > 10 5 cm" 3 ) regions and is often detected in H 
II regions fe.g. JPurcell et al.l 120061 ) . The location of the 
core is also the position of maximum integrated inten- 
sity for most of the other molecules (HCN, HNC, SiO, 
13 CS), but not N2H + , which peaks in the south at the 
position of a 24 /xm point source. Although this source is 
clearly identified as an H II region from the characteristic 
Spitzer appearance of a 24 /zm inner bubble surrou nded 
by a ring of 8 fj,m emission (e.g.. lWatson et aLll2008D . the 
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Figure 12. Zeroth moment (integrated intensity) maps of 13 C 34 S 
in G308.058-00.397. 13 C 34 S has very low abundance, so these 
maps show only noise. In panel (a) the map was made with scans 
of constant Galactic longitude, which is the default mode for the 
MALT90 pilot survey. In panel (b) the map was made with scans 
of constant Galactic latitude. In panel (c), the two individual maps 
were combined, reducing the striping artifacts visible in maps (a) 
and (b). This reduction of artificial structure motivates combining 
maps scanned in both directions in the full MALT90 Survey. 

detection of a hot core molecule identifies the location 
of the central exciting source. The chemical difference 
(N2H + /HCO + ratio) between the southern source sug- 
gests either a different luminosity for the exciting source 
or a different evolutionary state. 

Figure [15] shows G335. 075— 00.411, a clump drawn 
from the HOPS survey catalog and classified as protostel- 
lar from the Spitzer GLIMPSE/MIPSGAL images due to 
the presence of 24 point sources within a dark extinc- 
tion feature without extended 8 or 24 fj,m emission. The 
spatial coincidence of the 24 /im point sources and the 
8 /Ltm extinction feature suggests that the 24 /im point 
sources are associated with the clump, and the MALT90 
pilot survey data confirms this association. The N 2 H + 
integrated intensity contours trace the 8 /xm emission ex- 
tinction feature. There is SiO emission at the same ve- 
locity at the position of the brightest 24 /im point source. 
Since SiO emission is nor mally associated with outflow 
activity in protostars (e.g.. lL6pez-Sepufere et al.ll2011[ ). a 
detection of this line at the same velocity as the clump is 
strong evidence that the 24 fim point source is associated 
with this clump. 

Figure Q£] shows G322.668-00.038, a clump drawn 
from the GLIMPSE-Dark catalog and classified as quies- 
cent from the Spitzer GLIMPSE/MIPSGAL images due 
to the lack of 8 or 24 /xm emission inside the 8 /im ex- 
tinction feature. As a quiescent clump in the early stages 
of evolution, this object displays less complex chemistry 
than clumps in more evolved stages with only the four 
main lines (N 2 H+, HNC, HCO+, and HON) detected. 
The HNC integrated intensity emission shows two dis- 
tinct peaks associated with two of the darkest 8 /zm ex- 
tinction features. The velocity field of HNC shows that 
these two peaks are at very similar velocities (-64 km s _1 
and -65.6 km s _1 ), strongly suggesting that both peaks 
are at the same distance and that the entire e xtinction 
featur e is a single physical object. We use the IClemensI 
(1985) rotation curve to calculate a kinematic distance 
for this clump; the near distance is 4.27 kpc and the 
far distance is 9.25 kpc. Because we see the clump as 
an extinction feature against the diffuse Galactic back- 
ground, it is reasonable to assume that the near distance 
is correct. The MALT90 map therefore allows us (1) to 
identify which extinction features are likely a single phys- 
ical object versus a chance projection and (2) to assign 
a distance which is useful for any further study of this 
object. 



6. CONCLUSION 

We have described the MALT90 pilot survey, carried 
out to demonstrate the feasibility of the MALT90 survey, 
identify the best input catalog for choosing MALT90 tar- 
gets, and opti mize the survey para meters. We choose the 
ATLASGAL (ISchuller et al l[2009h catalog as our source 
list on the basis of its high detection rates for the main 
four survey lines (> 90% for N 2 H+, HNC, HCO+, and 
HCN) and the large number of dense molecular clumps 
in different evolutionary stages in this catalog. The sur- 
veys which provided a prior selection for regions of high 
column density, eithe r from optically-thin dust (ATLAS- 
GAL at 870 fim, the iBeltran et all |2()06; survey at 1.2- 
mm) or another dense gas tracer (NH3 from HOPS) pro- 
duced much higher detection rates than choosing sources 
identified based on Spitzer emission morphology without 
this prior. 

We have briefly summarized the data obtained from 
the MALT90 pilot survey and highlighted some of the sci- 
ence possible with this survey including studying chem- 
ical variation, the kinematics of massive dense clumps 
and the galactic distribution of dense molecular clumps 
associated with high-mass star formation. We have made 
the full data-set publicly available through this publica- 
tion and the MALT90 website, including reduced data- 
cubes and uniform moment maps which facilitate easy 
inspection of the data. This collection is already one 
of the largest sets of 90 GHz molecular line maps for 
dense molecular clumps. The full survey is underway and 
plans to map a total of 3,000 candidate dense molecular 
clumps, increasing this sample by an order of magnitude 
and providing a valuable database for studying many as- 
pects of high-mass star formation. 
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Figure 13. HCO+ [thick/black] and HNC [thin/red] line profiles over the central portion of the G321. 935-00. 007 cube. The HNC spectra 
has been scaled by a factor of 0.5. The HCO+ line shows a strong dip at the systemic velocity, but the relative strengths of the blue and 
red wings vary throughout this map. Adjacent spectra are separated by 9". 
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Figure 14. An example H II clump (G330.873-00.361) shown as 
a three color image with Spitzer /IRAC band 1 (3.6 fim) and band 
4 (8.0 /im) from GLIMPSE in blue and green and Spitzer /MIPS 
band 1 (24 /im) from MIPSGAL in red. The white box shows the 
extent of the MALT90 pilot survey map. Dashed (red) contours 
are HCO+ integrated intensity (plotted at SNR of 15, 30, 45, 60; 
cr ~ 0.25 K km s" 1 ). Thin (blue) contours are N2H+ integrated 
intensity (plotted at SNR of 10, 20, 30, 40; cr ~ 0.26 K km s _1 ). 
Thick (black) contours are CH3CN integrated intensity (plotted 
at SNR of 2, 4; cr ~ 0.28 K km s" 1 ). The presence of CH3CN 
identifies the hot core associated with a massive protostar. This 
location is also the position of maximum integrated intensity for 
most of the other molecules (HCN, HNC, SiO, 13 CS), but N 2 H+ 
peaks in the south as the position of another 24 (im point source. 




335.120 335.1 OD 335.0BD 33E.0SD 335.M0 



Galactic longilude 

Figure 15. An example protostellar clump (G335. 075— 00.411) 
shown as a three color image with Spitzer /IRAC band 1 (3.6 fim) 
and band 4 (8.0 /im) from GLIMPSE in blue and green and 
Spitzer /MIPS band 1 (24 ftm) from MIPSGAL in red. The white 
box shows the extent of the MALT90 pilot survey map. Dashed 
(red) contours are HCO" 1 " integrated intensity (plotted at SNR of 
5, 7; cr ~ 0.30 K km s _1 ). Thin (blue) contours are N2H+ inte- 
grated intensity (plotted at SNR of 7, 9, 13, 19, 25; cr ~ 0.29 K km 
s" 1 ). Thick (yellow) contours are SiO integrated intensity (plotted 
at SNR of 4; cr ~ 0.20 K km s _1 in the small velocity window). 
This clump was drawn from the HOPS catalog and classified as 
protostellar due to the presence of several 24 fim point sources. 
The strongest 24 (im point sources are associated with SiO emis- 
sion at the same velocity as the clump, indicating the presence of 
protostellar outflows in the clump. 
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322.7(H) 322.680 322.560 322.640 322.E20 
Galactic longitude 



Figure 16. An example quiescent clump (G322. 668— 00.038) shown (left) as a three color image with Spitzer /IRAC band 1 (3.6 fim) and 
band 4 (8.0 /im) from GLIMPSE in blue and green and Spitzer /MIPS band 1 (24 /an) from MIPSGAL in red. The white box shows the 
extent of the MALT90 pilot survey map. The extinction seen at 8.0 fim is well traced by the HNC integrated intensity contours (plotted 
as SNR of 4, 6, 8, 10; <r ~ 0.25 K km s -1 ) which show two distinct peaks. The right panel shows the centroid velocity Mi in color with 
the HNC integrated intensity contours. The two peaks are at very similar velocities (-64 km s~ 1 and -65.5 km s —1 , suggesting that the 
extinction feature is all at the same distance. 
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MALT90 Pilot Sources 
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Table 3 — Continued 
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0.236 


G333. 030-00.015 


333.030 


-0.015 


16:18:44.332 


-50:21:49.15 


GLIMPSE-Bright 


-42.24/-58.42 


0.227 


G333. 067-00.444 


333.067 


-0.444 


16:20:47.931 


-50:38:35.34 


HOPS 


-54.24 


0.248 


G333. 508-00.253 


333.508 


-0.253 


16:21:54.805 


-50:11:47.65 


HOPS 


-50.07 


0.264 


G333. 726+00.366 


333.726 


+0.366 


16:20:09.768 


-49:36:14.15 


IRAS 


-33.91 


0.239 
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Name 


Glon 


Glat 


RA J2000 


Dec J2000 


C catalog 


Velocity 


T 








fTTH-MM-SSl 

J. L L 1 . 1V1 1 \1 ,oo 






T SR fkm q — 1 1 

J_jQi-\> tvlll o 


IK] 
[is. j 


G333. 767-00.269 


333.767 


-0.269 


16:23:07.437 


-50:01:27.57 


HOPS 


-49.52 


0.242 


G334.050+00.352 


334.050 


+0.352 


16:21:38.340 


-49:23:07.82 


MIPSGAL 


-57.71 


0.222 


G334.458-00.244 


334.458 


-0.244 


16:26:00.739 


-49:30:49.81 


HOPS 


-41.64 


0.202 


G334.975-00.048 


334.975 


-0.048 


16:27:21.243 


-49:00:22.01 


MIPSGAL 


-22.70 


0.206 


G335. 060-00.427 


335.060 


-0.427 


16:29:23.135 


-49:12:24.86 


GLIMPSE-Bright 


-39.95 


0.223 


G335. 075-00.411 


335.075 


-0.411 


16:29:22.676 


-49:11:06.03 


HOPS 


-39.67 


0.220 


G335. 434-00.236 


335.434 


-0.236 


16:30:06.658 


-48:48:14.98 


HOPS 


-44.62 


0.233 


G335.800+00.181 


335.800 


+0.181 


16:29:48.239 


-48:15:05.97 


HOPS 


-50.17 


0.246 


G335. 988-00.561 


335.988 


-0.561 


16:33:50.644 


-48:37:17.92 


GLIMPSE-Bright 




0.220 


G336. 022-00.816 


336.022 


-0.816 


16:35:07.239 


-48:46:09.52 


ATLASGAL 


-47.80 


0.233 


G336. 426-00.253 


336.426 


-0.253 


16:34:16.191 


-48:05:27.22 


HOPS 


-88.41 


0.400 


G336. 991+00. 184 


336.991 


+0.184 


16:34:38.026 


-47:22:45.27 


GLIMPSE-Bright 




0.238 


G336. 994-00. 019 


336.994 


-0.019 


16:35:31.845 


-47:30:51.20 


HOPS/MIPSGAL 


-120.88 


0.246 


G337.004+00.325 


337.004 


+0.325 


16:34:04.426 


-47:16:26.93 


ATLASGAL 


-62.64 


0.228 


G337.436-00.394 


337.436 


-0.394 


16:38:55.876 


-47:26:16.48 


HOPS 


-41.87 


0.208 


G337.912-00.469 


337.912 


-0.469 


16:41:07.546 


-47:07:54.60 


HOPS 


-40.33 


0.237 


G337.994-00.136 


337.994 


-0.136 


16:39:58.940 


-46:50:58.96 


GLIMPSE-Bright 


-66.28 


0.231 


G337.994+00.078 


337.994 


+0.078 


16:39:02.949 


-46:42:26.41 


MIPSGAL 


-122.31 


0.229 


G337.995+00.133 


337.995 


+0.133 


16:38:48.840 


-46:40:11.72 


ATLASGAL 


-50.84 


0.251 


G338. 927+00.635 


338.927 


+0.635 


16:40:13.801 


-45:38:24.50 


ATLASGAL 


-63.43 


0.229 


G339. 007+00.436 


339.007 


+0.436 


16:41:23.217 


-45:42:43.10 


MIPSGAL 


-57.12 


0.228 


G339. 028+00.124 


339.028 


+0.124 


16:42:48.762 


-45:54:06.63 


GLIMPSE-Bright 




0.232 


G339. 968-00.529 


339.968 


-0.529 


16:49:09.637 


-45:36:42.93 


ATLASGAL/GLIMPSE-Bright 


-94.05 


0.250 


G340. 114+00.474 


340.114 


+0.474 


16:45:21.186 


-44:51:06.02 


MIPSGAL 




0.405 


G342. 975+02.673 


342.975 


+2.673 


16:46:22.662 


-41:14:56.65 


IRAS 


-26.40 


0.211 


G343. 722-00. 221 


343.722 


-0.221 


17:00:57.901 


-42:29:54.63 


IRAS 


-27.92 


0.214 


G345.889-01.104 


345.889 


-1.104 


17:11:46.145 


-41:18:03.71 


IRAS 


-21.88 


0.199 


G348. 236-00. 976 


348.236 


-0.976 


17:18:23.882 


-39:19:10.15 


IRAS 


-13.30 


0.193 


G349. 642-01.093 


349.642 


-1.093 


17:23:00.379 


-38:13:54.13 


IRAS 


-26.82 


0.188 


G350. 884+00.734 


350.884 


+0.734 


17:19:01.355 


-36:10:11.46 


IRAS 


-3.76 


0.178 


G351.695-01.148 


351.695 


-1.148 


17:29:00.935 


-36:33:38.76 


IRAS 


-8.97 


0.190 


G352. 859-00.204 


352.859 


-0.204 


17:28:19.077 


-35:04:07.86 


IRAS 


-56.37 


0.186 


G353. 057+00.542 


353.057 


+0.542 


17:25:50.306 


-34:29:19.56 


IRAS 


-3.41 


0.215 



Note. — Central source velocities are determined by hand-examination of the four main lines for each source. Where two velocity components 
are seen, the stronger is listed first. T rms gives the noise per channel in the spectrum as measured at the central position in the map. 
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Table 4 

Properties of Main Lines at Position of Maximum Integrated Intensity 





Name 




Maximum Integrated Intensity [K km s 1 ] 


Offset from Map Center a [9" 


pixels] 


FWHM [km s- 1 ] 








N 2 H+ 


HNC 


HCO+ 


HCN 


N 2 H+ 


HNC 


HCO+ 


HCN 


HNC 


HCO+ 




fion nn 
ozU — UU 


OoU 


2.47+0.42 


2.95+0.38 


5.09+0.39 


5.18+0.38 


(9, -2) 


(-4, -5) 


(-5, -5) 


I A A \ 

(-4, -4) 


6.33+1.59 


5.59+1.09 


G264 


322—00 


184 


3.58+0.57 


3.15+0.49 


3.82+0.56 


4.16+0.46 


(-9, -2) 


(-7, -3) 


(-9, -4) 


(A Q\ 

(-4, -3) 


6.18+1.90 


3.95+4.01 


\jZoO 


oe;n nn 
zoy — UU 


U49 


4.03+0.25 


4.34+0.26 


13.07+0.27 


12.42+0.28 


(0, -8) 


(-1, -8) 


(-3, -1) 


(-3, -1) 


0.39+13.50 


5.00+0.37 


POS7 


qi a nn 
o!4 — UU 


810 


1.65+0.25 


2.96+0.25 


7.71+0.26 


9.12+0.27 


(1- 4) 


(-1, 2) 


(-1, 2) 




3.53+1.99 


0.42+7.32 


G300 


nco i nn 

yoo+uu 


902 


3.14+0.26 


3.20+0.28 


4.39+0.27 


3.22+0.28 


(3, -5) 


(7, 3) 


(8, 3) 


(a i ^ 
(6, 1) 


5.62+1.21 


6.00+0.79 


LroUU 


nfin nn 
you— UU 


/ Uz 


<1.38 


<1.38 


<1.38 


<1.38 






onn 
OoUU 


nRQ i m 


140 


5.11+0.24 


5.83+0.26 


12.62+0.26 


16.05+0.27 


(1, -1) 


(0, 0) 


(0, 0) 


(-1, 0) 


2.20+1.80 


4.76+0.35 


/~i on i 
LroUl 


nm nn 
yyi— UU 


/ U4 


<1.17 


<1.17 


<1.17 


<1.17 






ono 


m q nn 
Ulo— UU 


1 1 Q 

110 


<1.20 


0.97+0.23 


1.78+0.24 


<1.20 




(-5, -6) 


(-3, 9) 




10.14+1.40 


6.53+1.59 


r^ 1 ono 


noi i nn 
Uz±-|-UU 


zol 


2.31+0.24 


3.16+0.25 


4.37+0.26 


5.22+0.27 


(-2, 0) 


(-2, 0) 


(-2, 0) 


("2, 0J 


7.54+0.75 


7.36+0.60 


G302 


non i nn 

y&y+uu 


oo2 


<1.36 


1.27+0.27 


1.18+0.28 


<1.36 


(-2, -1) 


(-1, o) 


7.39+2.68 


5.41+7.34 


/"i orio 
LrOUo 


nnn nn 
UUU— UU 


440 


<1.35 


<1.35 


1.39+0.27 


<1.35 




(-2, 4) 






9.75+1.26 


LroUo 


noo nn 
yoz— UU 


COO 

088 


<1.82 


2.50+0.45 


5.54+0.37 


5.47+0.38 




(2, -1) 


(0, 0) 


(1, 0) 


5.26+3.95 


8.56+0.52 


LroUo 


non nn 

you— uu 


Uoo 


<2.13 


<2.13 


<2.13 


<2.13 








LroUo 


noo i nn 

yyz-(-uu 


onn 
ZU9 


<1.24 


<1.24 


<1.24 


<1.24 














LroU4 


007 i nn 
oo ( +UU 


Ooo 


1.79+0.33 


1.56+0.33 


3.03+0.34 


2.71+0.35 


(0, -2) 


(-1, -1) 


(0, -2) 


("1, 2) 


4.55+3.98 


8.84+0.84 


G305 


no/i i nn 
Uo44-UU 


021 


<1.48 


<1.48 


1.99+0.29 


2.61+0.30 


(-4, 1) 


(-8, 6) 




6.14+2.12 


/"i one; 


n/i/i i nn 
U44-HUU 


D(o 


<1.39 


1.15+0.29 


1.71+0.31 


2.43+0.28 




(2, -6) 


(2, -8) 


(-5, -3) 


6.71+2.87 


5.21+3.73 


one; 


i nn i nn 

iyu-i-uu 


Z1U 


10.85+0.28 


13.68+0.27 


22.46+0.29 


27.15+0.33 


(-6, -2) 


(-6, -2) 


(-6, -2) 


Ip. o\ 


6.36+0.23 


7.20+0.13 


G305 


ooo i nn 
zoz+UU 


277 


13.96+0.31 


10.41+0.32 


13.51+0.31 


12.55+0.33 


(-1, -2) 


(0, -3) 


(-2, -6) 


("2, -7) 


5.72+0.41 


5.97+0.31 


G305 


264—00 


018 


12.24+0.16 


9.84+0.15 


13.29+0.16 


15.31+0.17 


(4, 7) 


(4, 8) 


(4, 7) 


(5, 8) 


4.94+0.25 


6.44+0.14 


r^ 1 one; 


qc'7 i nn 
oo ( +UU 


19o 


9.05+0.38 


8.68+0.38 


13.97+0.37 


13.88+0.38 


(-3, -3) 


(0, 5) 


(-1, 6) 


(0, 6) 


6.22+0.51 


6.93+0.30 


G305 


on'7 nn 

oU7— UU 


107 


4.47+0.38 


3.51+0.48 


4.14+0.40 


4.00+0.40 


(-7, -1) 


(-1, 4) 


(-6, -1) 


( A 1 \ 

H, -1) 


9.08+1.00 


7.74+0.89 


G305 


007 i nn 
oo / +UU 


016 


3.81+0.42 


2.82+0.42 


5.18+0.41 


6.57+0.43 


(1, o) 


(2, 1) 


(1, 1) 


(\ n\ 
(1, 0) 


1.00+12.68 


4.88+1.32 


G306 


noo i nn 
Uoo+UU 


034 


<1.42 


<1.42 


2.18+0.29 


<1.42 


(1, -5) 




6.94+1.47 


G306 


053—00 


040 


<1.62 


<1.62 


3.84+0.33 


2.78+0.33 






(-2, -3) 


(-3, -1) 




7.40+1.12 


G306 


non nn 

989— uu 


512 


<1.35 


<1.35 


<1.35 


<1.35 










LrOU 7 


ni7 i nn 
Ul / +UU 


7T\C 

/06 


<1.24 


<1.24 


<1.24 


<1.24 














c A onQ 


nnfi nn 
UUu— UU 


088 


<1.38 


<1.38 


1.47+0.28 


<1.38 






(3, 0) 






3.66+5.05 


<^rOUo 


nQ7 i nn 
Uo i -|~UU 


ZoU 


<1.64 


<1.64 


<1.64 


<1.64 














ntro nn 
UoO— UU 


o9 I 


4.90+0.27 


4.37+0.27 


9.07+0.28 


6.10+0.28 


(1, o) 


(1, o) 


(2, 1) 


(1, 0) 


2.28+2.34 


7.16+0.31 


G308 


n 1 /i i nn 

yi4+uu 


126 


1.42+0.31 


4.04+0.33 


5.57+0.32 


7.54+0.32 


(0, -4) 


(-3, -2) 


(-1, -1) 


("1, -1) 


4.11+1.61 


4.89+0.96 


onn 


nm nn 
UU1— UU 


nun 
UoU 


<1.35 


<1.35 


<1.35 


<1.35 






r^ 1 onn 


m a i nn 
U14+UU 


zoo 


<1.33 


1.59+0.26 


2.31+0.27 


2.54+0.28 




(8, 1) 


(8, 0) 


(6, 2) 


7.01+1.82 


8.89+0.88 


onn 


Q7Q nn 
o / 0— UU 


1 /lO 

14z 


6.40+0.25 


4.63+0.26 


7.98+0.27 


6.77+0.27 


(0, 5) 


(0, 5) 


(0, 4) 


(C\ A\ 


5.46+0.81 


7.21+0.33 


G310 


nn/i i nn 
UU4+UU 


503 


3.02+0.28 


1.64+0.27 


2.13+0.28 


2.70+0.29 


(6, 2) 


(5, 2) 


(4, 1) 


/e; q\ 
(5, 3) 


5.22+2.46 


5.95+1.70 


G310 


nno nn 
UUo— UU 


022 


<1.38 


<1.38 


<1.38 


<1.38 






G310 


mo i nn 

013+00 


387 


3.85+0.33 


2.78+0.33 


5.55+0.34 


3.40+0.34 


(-1, -1) 


(0, 0) 


(-1, -1) 


fc\ n\ 

(0, 0) 


2.70+3.88 


7.81+0.55 


G310 


mo i nn 

013+00 


389 


3.53+0.28 


3.07+0.28 


5.66+0.29 


3.68+0.29 


(0, -2) 


(1, -3) 


(0, -2) 


/n n\ 

(0, -2) 


3.56+2.09 


6.76+0.60 


G310 


oon i nn 

ooU+OU 


004 


3.27+0.35 


2.40+0.35 


2.60+0.33 


2.03+0.43 


(0, -i) 


(-1, -1) 


(-4, 0) 


(-10, -3) 


6.37+1.78 


5.94+1.67 


G310 


noo nn 

yoo— UU 


957 


<1.39 


<1.39 


<1.39 


<1.39 






G311 


005—00 


362 


<1.33 


<1.33 


1.95+0.28 


<1.33 






(8, -4) 






7.79+1.54 




nnc i nn 
UUu+UU 


178 


<1.30 


<1.30 


<1.30 


<1.30 












G312 


noo i nn 

038+00 


077 


1.09+0.25 


1.59+0.27 


1.33+0.27 


1.90+0.27 


(-1, 2) 


(2, 3) 


(2, 2) 


(1, 3) 


5.97+2.08 


5.87+3.92 


G312 


n7i i nn 

071+00 


080 


4.72+0.38 


2.67+0.33 


<1.66 


<1.66 


(-9, -3) 


(-4, -5) 


4.58+2.20 




G312 


nnn i nn 

yyz+uu 


172 


<1.42 


<1.42 


<1.42 


<1.42 










G313 


015—00 


384 


<1.55 


<1.55 


<1.55 


<1.55 














G313 


did. i nn 
y m-f-UU 


139 


<1.53 


<1.53 


<1.53 


<1.53 














G313 


nn ^ nn 

994—00 


084 


<1.57 


1.95+0.33 


2.35+0.34 


3.68+0.34 




(2, -2) 


(2, -2) 


(2, -2) 


8.51+1.27 


0.39+37.76 


G314 


219+00 


271 


11.04+0.32 


8.51+0.32 


13.67+0.31 


10.22+0.33 


(-1, -2) 


(-1, -1) 


(-1, -1) 


(-1, -1) 


4.31+0.70 


5.01+0.36 


G314 


nn 1 i nn 

994+00 


096 


1.56+0.26 


1.07+0.27 


<1.40 


<1.40 


(1,0) 


(1,0) 


6.55+2.82 




G314 


995—00 


073 


<1.38 


<1.38 


<1.38 


<1.38 










G315 


981—00 


187 


<1.32 


0.85+0.27 


1.50+0.27 


2.33+0.28 




(8, 3) 


(0, 1) 


1 1 1 \ 

(-1, 1) 


6.79+4.64 


7.26+2.71 


G315 


985—00 


605 


<1.36 


<1.36 


<1.36 


<1.36 








G316 


139—00 


504 


4.25+0.29 


3.37+0.31 


5.55+0.31 


5.73+0.31 


(1, -2) 


(1, o) 


(-1, 1) 


(1,0) 


5.85+1.16 


7.33+0.54 


G316 


c\ a a i nn 

944+00 


303 


1.90+0.29 


3.55+0.31 


5.59+0.29 


6.98+0.30 


(-4, 1) 


(2, 1) 


(-5, 1) 


1 A 1 \ 

(-4, 1) 


5.87+1.56 


2.68+1.72 


G316 


nro i nn 

958+00 


302 


1.60+0.29 


3.67+0.30 


5.68+0.32 


6.54+0.32 


(1, 1) 


(8, 1) 


(2, 1) 


(2, 1) 


6.42+1.09 


3.78+1.33 


G316 


n/^o i nn 

963+00 


022 


<1.41 


<1.41 


<1.41 


<1.41 






G317 


106—00 


015 


<1.40 


<1.40 


<1.40 


<1.40 














G317 


242+00 


017 


<1.32 


<1.32 


<1.32 


<1.32 














G317 


977—00 


011 


<1.35 


<1.35 


<1.35 


<1.35 














G318 


049+00 


086 


4.43+0.34 


6.01+0.36 


10.50+0.35 


11.71+0.36 


(3, 0) 


(1, o) 


(1, o) 


(-1, 1) 


4.43+1.07 


4.85+0.56 


G318 


062—00 


083 


<1.38 


<1.38 


<1.38 


<1.38 






G318 


145-00 


764 


<1.34 


<1.34 


<1.34 


<1.34 














G318 


776-00 


151 


5.73+0.26 


4.61+0.27 


5.02+0.27 


3.53+0.27 


(-1, 7) 


(-1, 5) 


(-1, 6) 


(1, 5) 


5.22+0.88 


5.03+0.85 


G318 


786-00 


397 


<1.53 


<1.53 


<1.53 


<1.53 






G318 


916-00 


284 


<1.58 


1.46+0.31 


1.48+0.31 


<1.58 




(2, -3) 


(-4, 3) 




8.18+1.71 


10.07+1.87 


G318 


948-00 


197 


9.42+0.33 


7.67+0.38 


8.27+0.35 


8.24+0.36 


(-1, 1) 


(-2, 0) 


(-1, o) 


(-1, 0) 


3.90+1.03 


4.82+0.80 


G318 


982+00 


323 


<1.33 


<1.33 


<1.33 


<1.33 






G319 


033-00 


422 


<1.32 


<1.32 


<1.32 


<1.32 














G319 


990+00 


368 


<1.38 


<1.38 


<1.38 


<1.38 














G320 


019-00 


158 


<1.43 


<1.43 


<1.43 


<1.43 














G320 


168+00 


824 


8.55+0.24 


5.23+0.25 


8.83+0.25 


9.55+0.27 


(0, 2) 


(1,1) 


(4, 0) 


(2,'o) 


4.41+0.97 


5.85+0.47 
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Name 



Maximum Integrated Intensity [K km s x ] 
N 2 H+ HNC HCO+ HCN 



Offset from Map Center a [9" pixels] 
N 2 H+ HNC HCO+ HCN 



FWHM [km s- 1 ] 
HNC HCO+ 



G320. 
G320. 
G321. 
G321. 
G321. 
G321. 
G321. 
G321. 
G322. 
G322. 
G322. 
G323. 
G323. 
G324. 
G324. 
G325. 
G325. 
G325. 
G326. 
G326. 
G326. 
G326. 
G326. 
G326. 
G326. 
G326. 
G327. 
G327. 
G327. 
G327. 
G327. 
G327. 
G327. 
G327. 
G327. 
G327. 
G327. 
G328. 
G328. 
G328. 
G329. 
G329. 
G329. 
G329. 
G329. 
G329. 
G329. 
G330. 
G330. 
G330. 
G330. 
G330. 
G330. 
G330. 
G330. 
G330. 
G330. 
G331. 
G331. 
G331. 
G331. 
G331. 
G331. 
G331. 
G331. 
G332. 
G332. 
G332. 
G332. 
G332. 
G332. 
G332. 
G333. 
G333. 



270+00.293 
874-00.351 
013-00.522 
024-00.699 
030-00.483 
709+00.062 
935-00.007 
988+00.312 
032-00.063 
668+00.038 
932+01.393 
740-00.263 
921+00.400 
017-00.399 
922-00.570 

004- 00.408 
030+00.051 
127+00.029 

369- 00.563 
410+00.596 
668-00.732 
794+00.386 
939+00.562 
987-00.030 
989-00.032 
989-00.032 

005- 00.754 
054+00.037 
135-00.262 
253-00.093 
397-00.743 
574-00.851 
858-00.583 
895+00.150 
937+00.511 
981-00.005 
994+00.376 
255-00.410 
694+00.255 
971+00.019 
034-00.674 
036-00.198 
183-00.313 

370- 00.337 
457+00.506 
643-00.456 
816+00.140 
030+01.045 
042-00.058 
042+01.059 
346-00.026 
620-00.221 
778+00.256 
873-00.361 
948-00.504 
986+00.330 
997-00.507 
032-00.419 
035+00.276 
221+00.012 
230-00.420 
333-00.338 
620+00.522 
748+00.412 
914-00.320 
003-00.129 
070+00.503 
093-00.421 
190-00.047 
233-00.036 
258-00.196 
963+00.773 
000-00.436 
030-00.015 



<1.42 
<1.34 
<1.33 
<1.33 
2.77+0.23 
2.80+0.26 
5.56+0.28 
<1.41 
<1.36 
1.19+0.29 
8.93+0.33 
7.22+0.32 
1.94+0.28 

<1.45 
2.95+0.32 
<1.31 
<1.32 
1.75+0.26 
<1.89 
<1.31 
<1.32 
3.48+0.25 
1.48+0.29 
7.72+0.32 
7.18+0.25 
7.18+0.25 

<1.53 
2.52+0.41 
4.64+0.57 

<1.26 
1.90+0.27 
4.25+0.33 

<1.34 
6.07+0.25 
<1.35 
<1.47 
<1.41 
3.77+0.26 
<1.68 
<1.59 
<1.35 
14.26+0.29 
7.74+0.33 

<1.62 
7.92+0.31 

<1.24 
4.22+0.31 
5.80+0.26 

<2.32 
5.05+0.29 
<1.53 
<1.55 
1.79+0.31 
10.49+0.26 

<1.33 
1.75+0.29 

<1.45 
6.91+0.26 
<1.30 
<1.39 
1.39+0.28 
3.19+0.25 
4.95+0.31 
<1.54 
<1.51 
<1.61 
1.52+0.28 
6.33+0.29 
6.37+0.29 
9.28+0.31 

<1.53 
6.50+0.27 
4.53+0.30 
2.23+0.33 



0.98+0.27 
1.38+0.27 
2.19+0.27 

<1.33 
2.76+0.25 
3.43+0.26 
3.92+0.30 
<1.41 
<1.36 
2.00+0.27 
3.57+0.37 
4.57+0.33 
1.52+0.29 
1.10+0.30 
3.72+0.33 
<1.31 
<1.32 
2.07+0.26 
<1.89 
<1.31 
<1.32 
2.49+0.26 
2.30+0.30 
5.24+0.31 
5.49+0.26 
5.49+0.26 

<1.53 
3.24+0.44 
4.03+0.46 

<1.26 
1.39+0.27 
6.74+0.37 
1.58+0.27 
5.19+0.26 
<1.35 
<1.47 
1.29+0.29 
3.87+0.27 
<1.68 
<1.59 
<1.35 
6.93+0.29 
4.56+0.38 

<1.62 
7.62+0.33 

I. 97+0.27 
3.07+0.32 
3.56+0.27 

<2.32 
4.85+0.32 
<1.53 
<1.55 
2.49+0.35 

II. 07+0.26 
<1.33 

2.79+0.38 
1.24+0.26 
6.28+0.27 
1.28+0.26 

<1.39 
1.95+0.32 
3.73+0.26 
3.87+0.32 
<1.54 
<1.51 
<1.61 
1.36+0.30 
3.75+0.30 
6.84+0.31 
7.52+0.32 

<1.53 
6.73+0.27 
7.39+0.34 
3.98+0.31 



1.38+0.29 
1.39+0.32 
3.12+0.27 

<1.33 
5.97+0.25 
4.70+0.27 
6.10+0.31 
<1.41 
<1.36 
2.96+0.27 
4.48+0.34 
6.83+0.32 
1.48+0.30 

I. 80+0.29 
4.65+0.31 

<1.31 

<1.32 
3.97+0.27 

<1.89 
2.29+0.26 

<1.32 
3.47+0.27 
3.75+0.29 
7.01+0.32 
7.45+0.27 
7.45+0.27 

<1.53 
4.90+0.46 
5.75+0.51 

<1.26 
2.01+0.27 

II. 11+0.33 
2.70+0.26 
6.67+0.26 

<1.35 
1.22+0.27 

<1.41 
4.65+0.27 
<1.68 
<1.59 
<1.35 
7.55+0.30 
4.99+0.34 

<1.62 
7.69+0.33 
2.58+0.29 
5.68+0.32 
5.45+0.28 

<2.32 
5.42+0.31 
<1.53 
<1.55 

I. 74+0.33 
21.00+0.27 
2.11+0.27 
3.28+0.33 
2.66+0.28 

II. 64+0.28 
1.66+0.28 

<1.39 
2.22+0.27 
8.28+0.26 
4.02+0.31 

<1.54 

<1.51 

<1.61 
3.29+0.31 
3.68+0.31 
8.61+0.32 
7.54+0.30 

<1.53 
7.14+0.28 
12.80+0.33 
2.70+0.30 



<1.42 

<1.34 
2.08+0.27 

<1.33 
6.10+0.25 
3.61+0.27 
7.75+0.31 

<1.41 

<1.36 
2.16+0.28 

<1.66 
7.96+0.33 

<1.41 
1.69+0.30 
4.99+0.33 

<1.31 

<1.32 
4.80+0.30 

<1.89 
2.19+0.27 

<1.32 
3.53+0.26 
2.50+0.30 
4.72+0.31 
4.24+0.28 
4.24+0.28 

<1.53 
4.22+0.40 
4.88+0.47 

<1.26 
1.85+0.26 
13.96+0.34 
1.81+0.27 
6.96+0.27 

<1.35 

<1.47 

<1.41 
4.73+0.27 

<1.68 

<1.59 

<1.35 
4.15+0.30 
3.58+0.36 

<1.62 
8.16+0.34 
1.50+0.27 
4.83+0.33 
3.57+0.29 

<2.32 
5.04+0.31 

<1.53 

<1.55 

<1.58 
16.94+0.28 
1.51+0.28 
1.99+0.30 
2.02+0.28 
8.39+0.28 

<1.30 

<1.39 

<1.42 
10.01+0.27 
2.34+0.31 

<1.54 

<1.51 

<1.61 
2.15+0.29 
4.98+0.31 
3.96+0.30 
6.13+0.32 

<1.53 
8.53+0.28 
15.31+0.32 
4.86+0.33 



(1,-1) (6,-7) 
(-2,-1) (1,-H) 
(-1, -3) (0, -4) (-4, -7) 



2.66+8.65 7.31+2.20 
10.54+1.09 6.39+5.77 
7.20+1.21 6.29+1.02 



(1, 1) 
(0, 3) 
(1, 1) 



(-8, -4) 
(0, 1) 
(1,-1) 
(6, -5) 

(0, 0) 



(0, 0) 
(0, 1) 
(2, -1) 
(4, 1) 
(4, 1) 

(2, -2) 
(-10, 3) 

(4,'0) 
(2, -1) 



(0 



(0 



2) 



-2) 



(-4, 1) 

(-1, -1) 
(1,-1) 



(0, -i) 
(0, -i) 



(5, -7) 
(-3, -1) 
(-5, 2) 
(-2, -2) 



(0, 2) 
(0, 3) 
(0, 1) 



(4, 5) 
(1, 1) 
(0, 0) 
(7, -4) 
(-2, 3) 
(-1, 0) 



(1, 2) (1, 2) 



(0, 0) 
(-3, 2) 
(3, -2) 
(4, 1) 
(4, 1) 

(-4, -2) 
(-6, 2) 

(1,0) 
(2, -1) 
(2, 2) 
(0, 2) 



(4, 3) 
(0, -2) 



-2) (2, -2) 
-1) ("2, -2) 



(-4, 1) 
(-6, 3) 
(-1, -1) 
(3, -2) 



(0, 2) 
(0, 3) 
(2, 0) 



(7, 4) 
(0, 2) 
(0, -1) 
(-9, -1) 
(0, 1) 
(1,0) 



(1, 1) 

(-5, 0) 

(0, 0) 
(-7, 4) 
(4, -2) 
(6, 0) 
(6, 0) 

(-6, -1) 
(-9, 2) 

(2, 0) 
(2, -1) 
(-2, 0) 
(0, 2) 

(2,' 2) 

(0, -2) 



(2, -2) 
(1,-1) 

(-5, -1) 
(-9, 6) 
(-2, -1) 
(1,-1) 



(3, 2) (-2, -6) 
(-1, -8) (-1, -2) 



(-8, -5) 
(-7, -1) 
(0, 0) 
(8, -1) 



(-3, -4) 
(-1, -2) 
(7, 2) 
(-6, 2) 
(4, 3) 
(2, -1) 
(2, -2) 



(-3, 3) (-2, 3) 
(-5, -3) (-5, -3) 
(-3, 1) (-4, -2) 



(-2, 2) 
(-3, -1) 
(-7, 1) 
(-3, -3) 



(-8, -4) (-7, -3) 
(3, -1) (-7, -6) 
(9, -8) (1, -5) 



(-4, 
(-5, 
(-2, 



(2, 
(-8, 



(-7, 
(-6, 
(5, 



1) 
-3) 
0) 



0) 
0) 
1) 

-2) 

-3) 
-8) 
-6) 



(0, 2) 
(1,3) 
(2, 0) 



(2, 2) 

(-1, 0) 

(-2, 0) 
(-1, 0) 

(2, 3) 

(0, -3) 

(0, -1) 
(0, 1) 
(0, -3) 
(5, 0) 
(5, 0) 

(-2, -1) 
(-6, 1) 

(-3, 0) 
(2, -2) 
(1, 1) 
(0, 2) 



(-1, -2) 



(3, -3) 
(-2, -2) 

(-4, 0) 
(5, -9) 
(-1, -1) 
(2, -2) 



(8,-6) (8,-6) (6,-6) (9,-6) 



(-1, 
(-4, 
(0, 
(-6, 
(0, 



(-5, 
(-4, 



(1, 
(-2, 
(-7, 
(-2, 

(-7, 
(1, 
(2, 



-3) 
2) 
-2) 
-4) 

0) 



-3) 
-1) 



1) 
-1) 

2) 
-4) 

-2) 

0) 

-6) 



3.07+2.62 
1.41+4.75 
5.63+1.03 



5.39+1.92 
6.89+1.05 
5.16+1.08 
5.59+2.62 
5.73+4.61 
7.34+0.84 



4.38+1.96 
5.54+1.84 
5.03+0.90 
5.17+0.74 
5.17+0.74 

9.13+0.92 
4.75+1.99 

3.52+5.65 
5.58+0.74 
1.97+7.88 
4.68+0.87 



2.57+9.33 
4.30+1.28 



7.02+0.45 
6.25+1.02 

7.15+0.42 
7.90+1.20 
2.95+3.15 
4.69+1.29 



5.18+0.64 
5.22+0.88 
6.70+0.57 



1.70+4.96 
7.85+0.77 
6.30+0.56 
9.83+1.28 
1.57+10.68 
5.88+0.95 



1.85+6.04 4.18+1.39 



9.00+0.83 

6.03+1.01 
4.07+1.60 
5.10+0.74 
5.78+0.48 
5.78+0.48 

8.22+0.84 
6.70+0.98 

1.25+9.67 
4.12+0.61 
7.96+0.85 
4.86+0.66 

6.62+2.50 

2.06+2.46 



10.73+0.23 
8.14+0.64 

5.23+0.67 
1.84+5.36 
3.11+1.55 
7.80+0.46 



7.22+0.63 7.20+0.58 



8.84+1.05 
6.06+0.29 

11.41+0.70 
8.69+1.57 
4.85+0.70 
4.44+3.78 

3.63+4.18 
2.44+2.37 
8.97+0.57 



4.28+4.14 
5.61+1.09 
5.72+0.60 
6.02+0.51 

4.44+0.73 
6.79+0.50 
5.87+1.00 



6.26+2.49 
6.62+0.14 
8.14+1.09 
9.54+0.69 
9.12+0.78 
5.97+0.31 
8.74+1.43 

5.43+1.80 
4.43+0.59 
7.72+0.70 



6.61+1.09 
7.65+0.92 
5.94+0.49 
4.66+0.74 

5.48+0.56 
5.77+0.39 
6.46+1.37 
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Name Maximum Integrated Intensity [K km s 1 ] 

N 2 H+ HNC HCO+ HCN 



Offset from Map Center a [9" pixels] 
N 2 H+ HNC HCO+ HCN 



FWHM [km s- 1 ] 
HNC HCO+ 



G333 
G333 
G333 
G333 
G334 
G334 
G334 
G335 
G335 
G335 
G335 
G335 
G336 
G336 
G336 
G336 
G337 
G337 
G337 
G337 
G337 
G337 
G338 
G339 
G339 
G339 
G340 
G342 
G343 
G345 
G348 
G349 
G350 
G351 
G352 
G353 



.067-00.444 
.508-00.253 
.726+00.366 
.767-00.269 
.050+00.352 
.458-00.244 
.975-00.048 
.060-00.427 
.075-00.411 
.434-00.236 
.800+00.181 
.988-00.561 
.022-00.816 
.426-00.253 
.991+00.184 
.994-00.019 
.004+00.325 
.436-00.394 
.912-00.469 
.994-00.136 
.994+00.078 
.995+00.133 
.927+00.635 
.007+00.436 
.028+00.124 
.968-00.529 
.114+00.474 
.975+02.673 
.722-00.221 
.889-01.104 
.236-00.976 
.642-01.093 
.884+00.734 
.695-01.148 
.859-00.204 
.057+00.542 



13.43+0.31 
8.11+0.36 
4.82+0.30 
4.91+0.30 
3.77+0.28 
2.39+0.25 

<1.36 
6.78+0.30 
7.97+0.30 
3.97+0.30 
10.66+0.34 

<1.45 
9.20+0.30 
7.73+0.40 

<1.57 

b 

2.48+0.29 
11.02+0.26 
16.72+0.31 
<1.53 

b 

2.87+0.33 
9.70+0.29 
<1.51 
<1.53 
4.10+0.34 
<2.68 
<1.40 
3.55+0.27 
7.72+0.24 
6.42+0.24 
10.74+0.24 

<1.18 
7.48+0.27 
3.72+0.23 
3.54+0.28 



9.13+0.34 
4.88+0.39 
3.71+0.31 
4.58+0.31 
3.05+0.28 
2.07+0.27 
1.24+0.31 
2.68+0.30 
3.72+0.32 
2.70+0.31 
8.65+0.35 

<1.45 
6.50+0.31 
5.29+0.40 

<1.57 
3.50+0.31 
1.94+0.31 
9.80+0.32 
12.40+0.32 
2.08+0.32 
3.64+0.32 
3.58+0.35 
5.74+0.32 
2.05+0.36 

<1.53 
4.32+0.34 

<2.68 
1.18+0.27 
1.96+0.28 
6.16+0.26 
6.32+0.25 
7.94+0.25 
1.44+0.24 
6.45+0.23 
4.32+0.25 
6.03+0.28 



11.67+0.31 
7.08+0.37 
5.19+0.31 
6.49+0.31 
3.90+0.29 

<1.34 
2.20+0.29 
2.99+0.36 
2.09+0.32 
2.73+0.30 
10.98+0.34 

<1.45 
8.86+0.31 
7.37+0.37 

<1.57 
2.72+0.34 
5.47+0.30 
7.73+0.29 
6.96+0.32 
2.80+0.31 
5.42+0.30 

<1.66 
4.71+0.30 
2.86+0.30 

<1.53 
9.69+0.35 

<2.68 

I. 90+0.28 
2.18+0.28 
8.53+0.25 

II. 04+0.25 
13.84+0.25 
2.06+0.24 
8.04+0.24 
5.23+0.24 
8.79+0.28 



10.41+0.33 
5.38+0.34 
4.53+0.31 
3.79+0.32 
2.81+0.30 

<1.34 
1.61+0.29 

<1.47 
2.34+0.31 

<1.54 
10.17+0.35 

<1.45 
7.21+0.31 
6.08+0.36 

<1.57 
3.44+0.33 
5.14+0.32 
7.82+0.30 
10.25+0.32 
3.08+0.32 
7.69+0.30 

<1.66 
7.22+0.30 
2.93+0.31 

<1.53 
7.29+0.36 

<2.68 
1.74+0.28 
2.88+0.28 
8.66+0.26 
17.08+0.26 
9.16+0.25 
2.25+0.25 
12.48+0.25 
7.58+0.25 
13.11+0.29 



(1, -1) 
(-5, -6) 

(1, -3) 
(-4, 2) 
(1, -2) 
(1, -2) 

(-2, 1) 
(6, -5) 
(-6, 0) 
(4, -3) 

(1, -6) 
(5, 1) 



(-2, -1) 
(-2, -3) 
(-2, 7) 



(1,-1) 
(1,-1) 



(10 



(0, -2) 
(3, 2) 
(4, 5) 

(5, -5) 

(-4, 10) 
(-3, 4) 
(-2, -8) 



(0, -1) 
(7, 4) 
(-1, -3) 
(-5, 2) 
(1, -2) 
(3, -5) 
(8, -10) 

(-1, 1) 
(6, -6) 
(7, -2) 
(4, -2) 

(0, -5) 
(-9, 1) 

(4, 2) 
(-1, -1) 
(11,-5) 
(-1, 7) 
(4, -3) 

(0, 1) 
(0, -1) 
(1,-1) 
(10, -5) 



(0, -1) 
(-4, -7) 
(-1, -3) 
(-5, 1) 
(0, -2) 

(-3, 0) 
(-10, 1) 
(9, -7) 
(-7, -4) 
(5, -3) 

(1, -5) 
(6, 2) 

(2, 3) 
(-1, -1) 
(10, -5) 

(-1, 7) 
(0, -4) 

(1, 1) 

(1,-1) 
(0, -2) 



(-8, 5) 

(1,-1) 
(3, 2) 
(0, -3) 
(5, -5) 
(1, 5) 
(-1, 6) 
(-1, 3) 
(5, 1) 



(-5, -1) 
(-7, 6) 
(3, 1) 
(1, -3) 
(5, -5) 
(-8, 6) 
(-1, 6) 
(-3, 4) 
(3, 2) 



(3, 0) 
(1, 1) 

(-1, -2) 
(-4, 2) 

(-1, -2) 

(-1, 0) 

(7, -6) 

(5, -3) 

(0, -5) 
(6, 2) 

(-1, -4) 
(-1, -1) 
(10, -6) 

(-1, 7) 
(-1, -5) 
(0, 2) 

(1, -2) 
(0, -2) 



0) (5,-1) (9,0) (8,-1) 



(-5, -1) 
(-1, -2) 
(3, 0) 

(1, -3) 
(5, -5) 
(0, 0) 
(-1, 5) 
(-2, 3) 
(4, 3) 



7.18+0.35 
7.04+0.84 
0.59+13.26 
5.77+0.88 
2.84+2.71 
10.06+0.84 
7.32+3.43 
1.48+7.43 
3.73+1.99 
8.98+0.84 
6.59+0.44 

5.80+0.61 
9.09+0.51 

7.60+0.79 
6.69+2.67 
3.65+0.74 
4.97+0.40 
6.00+2.87 
2.14+3.46 
9.06+0.70 
7.12+0.61 
9.21+1.35 



9.93+1.38 
5.03+2.18 
4.18+0.86 
4.86+0.69 
3.87+0.65 
9.67+1.06 
5.45+0.51 
4.96+0.92 
5.21+0.71 



7.55+0.25 
6.72+0.57 
5.19+0.91 
5.70+0.65 
6.58+0.85 

7.45+1.30 
10.43+0.72 
10.26+0.90 
9.11+0.85 
7.08+0.34 

6.07+0.45 
7.32+0.52 

10.54+0.83 
6.23+0.67 
5.04+0.60 
0.96+4.73 
7.83+1.01 
5.54+0.81 

8.22+0.52 
5.95+1.36 



6.17+1.17 7.59+0.33 



7.53+1.37 
8.21+1.26 
5.06+0.48 
5.73+0.32 
6.14+0.23 
7.00+1.33 
5.51+0.43 
4.08+0.96 
3.93+0.67 



Note. — Results arc listed for lines with 5cr detections in the narrow (±2.25 km s 1 ) moment maps, but these measurements report the 
moments calculated in a range of (±8.25 km s~ 1 ). Not all integrated intensity measurements at 5ct results in this broader velocity range. 
a Offsets are (x,y) offsets in units of pixels, where each pixel is 9" . Offsets arc relative to the targeted center of the map, which is determined 
differently for the different input surveys. 

k N2H + is outside the spectral coverage for sources with Vlsr < —100km s _1 
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Table 5 

Robust (5ct) Detections of Lines 



Name 


N 2 H+ 


13 cs 


HNC 


HCO+ 


HCN 


C 2 H 


SiO 


H 13 CO+ 


H 13 CN 


Cjzoo.OzU — UU.DoU 


1 





1 


1 


1 


1 











/"~ i or 1 /i onn nn 10,1 

Cjzd4.ozz~UU.1o4 


1 





1 


1 


1 














G285. 259— 00.049 


1 





1 


1 


1 


1 











G287.814 — 00.81b 


1 





1 


1 


1 


1 











rio^n n tr 1 nn nnn 

G300. 958+00. 902 


1 





1 


1 


1 


1 





1 





G300.9b0— 00.702 





























rionn n/""o 1 ni 1 a cr 

G300.9b8+01.145 


1 





1 


1 


1 


1 





1 


1 


rioni nm nn 'icsa 

l1.5Ul.9yi— 00.704 





























riooo m nn 110 

G302. 018— 00.113 








1 


1 

















t~~\ orin nm 1 nn ntri 

CjoUz.Uzl+UU.zol 


1 





1 


1 


1 


1 











/ 1 onn 1 \ < ' 1 \ 1 nn p" n 

G302. 989+00. 352 








1 


1 

















nono nnn nn 1 /i/ 1 

G303. 000— 00.44b 











1 

















/ 1 ono non nn /* 





1 


1 


1 


1 














ponQ non nn noo 

CjoUo.yoU— UU.Uoo 





























/"lono nnn 1 nn nnn 

G303. 992+00. 209 





























/~i on ,1 T 1 nn c 

G304. 887+00. b35 


1 





1 


1 


1 














norir no a 1 nn nm 

G305. 034+00. 021 











1 


1 














/~ionc r\ a a i nn ctq 

G305. 044+00. 573 








1 


1 


1 








1 





/ 1 onr" inn i nn n 1 n 

G305. 190+00. 210 


1 


1 


1 


1 


1 


1 


1 


1 


1 


/~<oncr non 1 nn nTT 

G305. 232+00. 277 


1 





1 


1 


1 


1 





1 


1 


t~ 1 one n/^/i nn mo 

G305.2b4— 00.018 


1 


1 


1 


1 


1 


1 





1 


1 


/ 1 onr" or"'~7 i nn -1 n 

G305. 357+00. 193 


1 





1 


1 


1 


1 





1 


1 


/"lonp" on^7 nn 1 n^ 

G305.807— 00. 107 


1 





1 


1 


1 








1 





rionc T i nn n 1 / ■ 

G305. 887+00. 01b 


1 





1 


1 


1 


1 











/ 1 • > f \ / • noo i nn no 1 

G306. 033+00. 034 











1 

















non/' n tr nn n,in 

G30b. 053— 00.040 











1 


1 














/"i on/"* non nn P" 1 r> 

G306. 989— 00.512 





























/~i n t m T 1 nn 7nc 

G307. 017+00. 70b 





























nono rino nn 000 

G308. 00b— 00.388 











1 

















nono no"v 1 nn ncrn 

G308. 037+00. 250 





























nono n tr nn onT 

G308. 058— 00.397 


1 





1 


1 


1 


1 





1 


1 


G308. 914+00. 12b 


1 


1 


1 


1 


1 


1 











/~i onn nm nn non 

G309. 001— 00.030 





























/~i onn n 1 ,1 1 nn nno 

G309. 014+00. 208 








1 


1 


1 


1 











/~i onn oto nn 1 /in 

CjoU9.o78— UU.14z 


1 





1 


1 


1 


1 





1 





PQi n nn/i i nn cno 

Cjv51U.UU4+UU.oUo 


1 





1 


1 


1 


1 











noi n nno nn nnn 

G310. 008— 00.022 





























t~ 1 oTn mo 1 nn oot 

G310. 013+00. 387 


1 





1 


1 


1 


1 











/ 1 OTn / i 1 - > 1 1 \ i \ oon 

G310. 013+00. 389 


1 





1 


1 


1 


1 





1 





noi n oon i nn nn ,1 

G310. 880+00. 004 


1 





1 


1 


1 














noi n noo nn nc? 

G310. 988— 00.957 





























G31 1.005— 00.362 











1 

















rni n n n i nn 1 to 

G312.00b+00.178 





























rni n noo i nn nTT 

G312. 038+00. 077 


1 





1 


1 


1 


1 











noi n nTi 1 nn non 

G312. 071+00. 080 


1 





1 




















noi n nnn i nn 1 Tn 

G312. 992+00. 172 





























t~ 1 oto me nn oo^i 

G313. 015— 00.384 





























noi r»T£J i nn 1 on 

G313.97b+00. 139 





























/ 1 oto nn a nn noj 

G313. 994— 00.084 








1 


1 


1 














noi a ni n 1 nn tti 

Cjo14.z19+UU.z71 


1 





1 


1 


1 


1 





1 


1 


G314. 994+00. 09b 


1 





1 




















noi a nnp" nn nTO 

G314. 995— 00.073 





























1 p" no - ! nn 1 t 

G315. 981— 00.187 








1 


1 


1 














s~~\ 1 p" nor" nn n p" 

G315.985— 00.b05 





























z - 1 01/"* "ion nn p" n .1 

G316. 139— 00.504 


1 





1 


1 


1 


1 





1 





/ 1 .ii/. r\ a a 1 n n ono 

G316. 944+00. 303 


1 





1 


1 


1 


1 











noi /» n tr 1 nn onn 

G31b. 958+00. 302 


1 





1 


1 


1 


1 











rni £• n/""o i nn nnn 

G31b.9b3+00.022 





























G317.10b— 00.015 





























/~ 1 i>i ^ n ,1 n 1 nn n 1 T 

G317. 242+00. 017 





























noi »7 c\ r 7'i nn ni 1 

G317. 977— 00.011 





























s~\ oto r\ a c\ 1 nn no/* 

G318. 049+00. 08b 


1 








1 


1 














noi n/^n nn noo 

CjoIo.Udz— UU.Uoo 





























CjoIo.145— UU.7d4 





























nm & 77^— on i m 


\ 





\ 


I 


I 


I 











G318.78b-00.397 





























G318.91b-00.284 








1 


1 

















G318.948-00.197 


1 





1 


1 


1 


1 





1 


1 


G318.982+00.323 





























G319.033-00.422 





























G319.990+00.368 





























G320.019-00.158 





























G320.168+00.824 


1 





1 


1 


1 


1 





1 





G320.270+00.293 








1 


1 

















G320.874-00.351 








1 


1 


















Foster 



Table 5 — Continued 



Name 


N2H+ 


1 'y /~<ci 


HNC 


HCO+ 


HCN 


C2H 


SiO 


Till , — ( 1 — , -L 


H 13 CN 


G321. 013— 00.522 








1 


1 


1 














G321. 024— 00.699 





























G321 030—00 483 


1 





1 


1 


1 


1 











G321 709+00 062 


1 





1 


1 


1 


1 





1 





C!321 935—00 007 


\ 





I 


I 


I 


I 





\ 





G321 988+00 31 2 





























G322 032—00 063 





























G322. 668+00. 038 


1 





1 


1 


1 














G322. 932+01. 393 


1 





1 


1 





1 


1 


1 





G323 740—00 263 


1 





1 


1 


1 


1 


1 


1 


1 


G323 921+00 400 


1 





1 


1 

















H324 017—00 399 








I 


I 


I 














H324 922—00 570 


I 





I 


I 


I 


I 





\ 





G325 004—00 408 





























G325 030+00 051 





























G325 127+00 029 


1 





1 


1 


1 


1 











G326 369—00 563 





























G326 410+00 596 











1 


1 














G326 668—00 732 





























G326 794+00 386 


1 





1 


1 


1 


1 





1 





G326 939+00 562 


1 





1 


1 


1 














0326 987—00 030 


I 





I 


I 


I 


I 











G326 989—00 032 


1 





1 


1 


1 


1 











G326 989—00 032 


1 





1 


1 


1 


1 











G327 005—00 754 





























G327. 054+00. 037 


1 





1 


1 


1 








1 





H327 1 35—00 262 


I 





I 


I 


I 







\ 





G327 253—00 093 





























G327 397—00 743 


1 





1 


1 


1 














G327 574—00 851 


1 





1 


1 


1 


1 











G327 858—00 583 








1 


1 


1 














G327 895+00 150 

vjUi 1 • y-J C yJ I v7 yj . _L yj v 7 


1 





1 


1 


1 


1 





1 


1 


H327 937+00 51 1 





























G327 981 —00 005 











1 

















G327 994+00 376 








1 




















G328. 255— 00.410 


1 





1 


1 


1 


1 











G328. 694+00. 255 





























H328 971 +00 01 9 





























H329 034—00 674 





























G329 036—00 198 


1 





1 


1 


1 


1 


1 


1 


1 


G329. 183— 00.313 


1 





1 


1 


1 


1 








1 


G329. 370— 00.337 





























G329 457+00 506 


1 





1 


1 


1 





1 


1 





G329 643—00 456 








1 


1 


1 














G329 816+00 140 


1 





1 


1 


1 


1 











G330 030+01 045 


1 





1 


1 


1 





1 


1 





G330 042—00 058 





























G330. 042+01. 059 


1 


1 


1 


1 


1 


1 


1 


1 





G330. 346— 00.026 





























G330. 620— 00.221 





























O330 778+00 256 

\JyJyJ\J . 1 I O 1 \)yj . jLj •) V7 


I 





I 


I 

















G330 873—00 361 


1 


1 


1 


1 


1 


1 


1 


1 


1 


G330. 948— 00.504 











1 


1 














G330 986+00 330 


1 





1 


1 


1 














G330 997—00 507 

\J(7(Ju * C C7 c UU.t7U C 








1 


1 


1 














G331 032—00 419 


1 





1 


1 


1 


1 





1 





G331 035+00 276 

V_l < _J'.7 1 - V 7 ' 7 ', } | V ) \ ) . Z_ 1 ' 7 








1 


1 

















G331. 221+00. 012 





























G331 230—00 420 


1 





1 


1 

















G331 333—00 338 

V_l <_>».7 1 >UOU 


1 





1 


1 


1 


1 





1 





G331 620+00 522 


1 





1 


1 


1 














G331 748+00 41 2 

V_l » >».7 1 - ' rrUTUU . i 1 Z- 





























G331 914—00 320 





























H332 003—00 129 





























0332 070+00 503 


I 





I 


I 


I 














G332 093—00 421 

V. I • / ■ 7 — - V 7 . / - 7 V ' V 7 . ^ Z. 1 


1 





1 


I 


1 


1 





1 





G332 190—00 047 


1 





1 


1 


1 








1 





G332.233-00.036 


1 





1 


1 


1 


1 











G332.258-00.196 





























G332.963+00.773 


1 





1 


1 


1 


1 





1 


1 


G333.000-00.436 


1 





1 


1 


1 


1 





1 





G333.030-00.015 


1 





1 


1 


1 


1 


1 








G333.067-00.444 


1 





1 


1 


1 


1 





1 


1 


G333.508-00.253 


1 





1 


1 


1 


1 





1 


1 


G333.726+00.366 


1 





1 


1 


1 


1 





1 





G333.767-00.269 


1 





1 


1 


1 














G334.050+00.352 


1 





1 


1 


1 
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Name 


N2H+ 


13 cs 


HNC 


HCO+ 


HCN 


C2H 


SiO 


H 13 CO+ 


H 13 CN 


G334. 458— 00.244 


1 





1 














1 





G334. 975— 00.048 








1 


1 


1 


1 











G335 060—00 427 


1 





1 


1 





1 





1 





G335 075—00 41 1 


1 


1 


1 


1 


1 





1 


1 


1 


C!335 434—00 23fi 


I 





I 


I 





1 




1 





G335 800+00 181 


1 





1 


1 


1 


1 





1 


1 


G335 988—00 561 





























G336. 022— 00.816 


1 





1 


1 


1 


1 


1 


1 


1 


G336. 426— 00.253 


1 





1 


1 


1 


1 








1 


G336 991+00 184 





























G336 994—00 019 








1 


1 


1 


1 











G336 994—00 019 








1 


1 


1 


1 











G337 004+00 325 


1 





1 


1 


1 














C!337 436—00 394 


1 


\ 




I 


I 


1 




1 


I 


G337. 912— 00.469 


1 


1 


1 


1 


1 


1 


1 


1 


1 


G337 994+00 078 








1 


1 


1 


1 











G337 994—00 1 36 





1 


1 


1 


1 














G337. 995+00. 133 


1 





1 











1 








G338 927+00 635 


1 





1 


1 


1 


1 


1 








G339 007+00 436 








1 


1 


1 





1 








G339 028+00 124 





























G339 968—00 529 


1 





1 


1 


1 


1 





1 





G339 968—00 529 


1 





1 


1 


1 


1 





1 





G340. 114+00. 474 





























G342.975+02.673 








1 


1 


1 


1 











G343.722-00.221 


1 





1 


1 


1 


1 











G345.889-01.104 


1 





1 


1 


1 


1 


1 


1 





G348.236-00.976 


1 





1 


1 


1 


1 


1 


1 





G349.642-01.093 


1 





1 


1 


1 


1 





1 





G350.884+00.734 








1 


1 


1 


1 











G351.695-01.148 


1 





1 


1 


1 


1 


1 


1 


1 


G352.859-00.204 


1 





1 


1 


1 


1 











G353.057+00.542 


1 





1 


1 


1 


1 












Note. — Robust detections correspond to 5cr integrated intensity detections excluding the 3 pixels (27") on the edge of each map. Detection 
statistics arc not shown for H41a, CH 3 CN, HC 3 N, 13 C 34 S, HC 13 CCN, HNCO 4i, 3 or HNCO 4 , 4) which have no robust detections. One 
corresponds to a robust detection, zero indicates no robust detection. 



